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PEPTIDE SfOChBXC RCXDS 

RSL&TBS ^SLXCMECOHS 

TMs application is a cM3ntinuation~ln-pairt of the 
S following Danish Patent Applications: Mo. SSs/sx, filed m&f 
24, 1991, No, 987/91, filed May 24, 1991 f and Mo, S10/92, 
filed April 15, 1992. The entire disclosure of each 
application is incorporated herein by reference, 

id wxmn of mn xotfotxos* 

This invention is directed to compounds that are not 

polynucleotides yet which hind to complementary DMA and TO. 

strands more strongly the corresponding DMA. In particular, 

the invention concerns compounds wherein naturally-occurring 
IS nuCieobases or other nucieohase-hinaing moieties are 

covalently bound to a poiyamide backbone, 

BAOEGEOSMD OF 'fHIS X$f?BH$foB 

Oligodeoxyribonaclaotidas as long as 100 base pairs 

20 (hp) are routinely synthesized by solid phase methods using 
commercially available, fully automatic synthesis machines. 
The chemical synthesis of oligoribonucleotides f however,, is 
far less routine, O-Iigor ibonucl eot idea also are much less 
stable than oligodaox rihoi eo das, a fact which has 

25 contributed to the more prevalent use of oligodeoxyribonucioo- 
tides in medical and biological research directed to, for 
example, gene therapy or the regulation of transcription or 
translation. 
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The function of a gene starts fey transcription of its 
information to a messenger RMA (aUKM) which, toy interaction 
with the rifoosomal complex, directs the synthesis of a protein 
coded for by its sequence* The synthetic process is known as 
5 translation. Translation requires the presence of various co- 
factors and building blocks, the amino acids, and their 
transfer BNAs (tRSA) , all of which are present in normal 
ceils. 

Transcription initiation requires specific recognition 
10 of a promoter sequence by the RSA-synthesizitig enzyrae, RN& 
polymerase. In many oases in prokaryotic cells, and .probably 
in all cases in eukaryotic cells, this recognition is preceded 
fey sequence-specific binding of a protein transcription factor 
to the promoter. Other proteins which bind to the promoter, 
IS but whose binding prohibits action of m& polymerase, are 
known as repressors. Thus, gene activation typically is 
regulated positively by transcription factors and negatively 

Most conventional drugs function fey interaction with 

20 and modulation of one or more targeted endogenous proteins, 
flugy, enzymes. Such drugs, however, typically are hot 
specific for targeted proteins but interact with other 
proteins as well. Thus, a relatively large dose of drug must 
be used to effectively modulate a targeted protein. Typical 

25 daily doses of drugs are from millimoles per kilogram 

of body weight or iO"*-10 millimoles for a 100 kilogram 
person. If this modulation instead could foe affected by 
interaction with and inactivation of mBM&, a dramatic 
reduction in the necessary amount of drug necessary could 

30 likely be achieved , along with a corresponding reduction in 
side effects. Further reductions could -fee effected if such 
interaction could be rendered site- specific, Given that a 
functioning gene continually produces am, it would thus be 
even mere advantageous if gene transcription could foe arrested 

35 in its entirety. 

Oi igodeoxynucleot ides offer such opportunities. for 
example, synthetic oiigodeojcynucleotides could foe used as 
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antisemse probes to block and eventually lead to -the breakdown 
of -mRNA. Thus, synthetic DNA could suppress translation in 
vivo. It also »ay be possible to modulate the genome of an 
animal by, for example, triple helix formation using 
S oligonucleotides or other m& recognising agents. However, 
there are a number of drawbacks associated with triple helix 
formation* for example, it can only be used for homopurina 
sequences and it regnires unphysiologiesliy high ionic 
strength end low pH, 
10 Furthermore, unmodified oligonucleotides are 

unpractical both in the antisense approach and in the triple 
helix approach because they have short in vivo half -lives, 
they are difficult to prepare in more than milligram 
quantities and., thus,, are prohibitively costly,, and they are 
IS poor cell membrane penatrators , 

These problems have resulted in an extensive search for 
improvements and alternatives. For example, the problems 
arising in connection with double-stranded DHA (mmk) 
recognition through triple helix formation have been 
20 diminished by a clever "switch back** chemical linking whereby 
a seguence of polypur ine on one strand is recognised, and by 
* switching back", a homopurine sequence on the other strand 
can. toe recognized. See, e.g., McCurey, Moulds, and Froehier, 
m&GQsiiSes , in press. Also, good helix formation has been 
25 obtained by using artificial bases, thereby improving binding 
conditions with regard to ionic strength and pH. 

In order to improve half life as well as membrane 
penetration, a large number of variations in polynucleotide 
backbones has been undertaken, although so far not with 
30 desired results, These variations include the use of 
met hylphosphonates, monothiophasphates , dithiophosphates , 
phosphoramidates , phosphate asters, bridged phosphor oamidates, 
bridged phosphorothioates , bridged snatc 
dephospho intern ie analogs with siioxane bridges, 

35 carbonate bridges, oarboxymethyi ester bridges, acetamide 
bridges, carbamate bridges, toioether, sulfoxy, sulfono 
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bridges, various «pla»tde« DBAs, «~an©»eric bridges, and 
borate derivative*. 

International patent application WO 8S/05S18 broadly 
cl&ias a polymeric composition affective to bind to a single- 
S stranded polynucleotide containing a 'target seguanee of bases * 
The composition is said to comprise non^homopolyjaario , 
substantially stereoregular polymer molecules of the form? 
B, E 2 % % 
B ~ B ~ £ - B, 

10 where t 

(a) R 1 '~3R R are recognition moieties selected from purine, 
pm-ina<~2ike f pyrimidins, and pyrimidina like 
heterocycles effective to bind by Watson/Crick pairing 

(b) n is such tnat tha total number of Watson/ Crick hydro- 
gen bonds farmed between a polymer molecule end target 
sequence is at least about 15? 

(c) B - B are backbone moieties joined predominantly by 
20 chemically stable, substantially uncharged, 

predominantly achiral linkages; 
C&3 the backbone moiety length ranges from 5 to 7 atoms if 
the backbone moieties have a cyclic structure, and 
ranges from 4 to S atoms if the backbone moieties have 
25 an acyclic structure; and 

(a) the backbone moieties support the recognition moieties 
at position which allow Watson/Crick base pairing 
between the recognition moieties and the 
corresponding, in^seguence bases of the target 
3G sequence » 

According to WO S6/05S18, the recognition moieties are various 
natural mncleobases and nocleofease-analogs and the backbone 
moieties are either cyclic backbone moieties comprising feran 
or morphoiine rings or acyclic backbone moieties of the 
35 following forms; 
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I is -CO- or ~SQ g <~* The specification of the 
application provides general descriptions for the synt.hsssi.si 
30 of snhunits, for baehbone coupling reactions,, and for polymer 
assembly strategies, However, the specification provides no 
example wherein a claimed compound or structure is actually 
prepared. Although WO 86/05518 indicates that the claimed 
polymer compositions can bind target sequences and, as a 
35 result, have possible diagnostic and therapeutic applications, 
the application contains no data relating to the binding 
affinity of a claimed polymer. 

International patent application WO 66/05519 claims 
diagnostic reagents and systems that comprise polymers 
40 dsserihad in wo 86/05518, but attached to a solid support. 
WO 86/055.19- also provides no examples concerning actually 
preparation of -a claimed diagnostic reagent, much less data 
showing the diagnostic efficiency of such a reagent* 

International patent application WO 89/12060 claims 
4 5 various building .blocks for synthesizing oligonucleotide 
analogs, as well as oligonucleotide analogs formed by joining 



WO 92/20782 



PCT/EP92/012S9 



such building blocks in a defined sequence. The building 
blocks saay toe either «rigid» (containing & ring) or * flexible" 
(lacking a ring) * In both cases the building blocks contain 
a hydroxy group and a .mercapto group, through which the 
5 building blocks are said to join "to f orm oligonucleotide 
analogs. The linking moiety i.n the dliqomcleotide analogs 
is selected from the $tmp: cessistiJig of sulfide <~S~) t 
sulfoxide (^S0~) r and self one (~SQ ? ~) * WO 89/12060 provides 
a general description concerning synthesis of the building 

10 blocks and' coupling reactions; for the synthesis of 
oligonucleotide analogs, along %?ith experimental examples 
describing the preparation of building blocks. However, toe 
application provides no examples directed to the preparation, 
of a claimed oligonucleotide analog and no data confirming the 

XB specific binding of an oligonucleotide analog to a target 
oligonucleotide. 

Furthermore, oligonucleotides or their derivatives have 
been linked to intercalators in order to improve binding f to 
poly lysine or other basic groups in order to improve binding 

20 both to double-stranded and single-stranded BH&, and to pep- 
tides in order to improve membrane penetration* However, such 
linking has not resulted in satisfactory binding for either 
double-stranded or single-stranded SEA. Other problems which 
resulted from, for example, aethylphesphonates and 

as monothiophosphates were the occurrence of .cfeiraXity, 
insufficient synthetic yield or difficulties in performing 
solid phase assisted syntheses, 

In most cases only a few of these modif ications could 
be used. Even then, only short sequences — often only dimers 

30 ~~ or monomers could be generated. Furthermore, the 
oligomers actually produced have rarely been shown to bind to 
mh or Bffi. or have not been examined biologically. 

The great majority of these backbone modifications led 
to decreased stability for hybrids formed between the modified 

35 oligonucleotide and its complementary native oligonucleotide, 
as assayed by measuring % values. Consequently, it is 
generally understood, in the art that backbone modifications 
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destabilise such hybrids, i,*„, result in lower T n valnes, and 
should be kept to a minimum* 

3 It is one object: of the present invention to provide 

compounds that Mnd ssiMA and RHA strands to form stable 
hybrids therewith, 

It is a further object of the invention to provide 
compounds that bind -Md9M& and SNA strands mora strongly the 
10 corresponding DMA. 

It is another object to provide compounds wherein 
naturally-occurring nneleohasas or other necleofease-hinding 
moieties are eovalently bound to a peptide backbone. 

It is yet another object to provide compounds other 
IS than kna that can bind one strand of a double-stranded 
polynucleotide, thereby displacing the other strand, 

it is still another object to provide therapeutic and 
prophylactic methods that employ such compounds, 

20 ummmt of tnti xmyeotios? 

The present invention provides & novel class of 
compounds, known as peptide nucleic acids (PHAs) t that hind 
complementary s&mh and RKA strands more strongly than a 
corresponding dna. The compounds of the invention generally 

25 comprise Uganda linked to a peptide backbone via an asa 
nitrogen, Representative ligands include either the four main 
naturally occurring DMA bases {i.e, , thymine,, cytosine, 
adenine or guanine) or other -naturally occurring nucleobasas 
(e,g», inosine, uracil, s-nethylcytosine or thiouracil) or 

3D artificial bases {e.g., bromothymine, azaadenines or 
azaguanines, etc) attached to a peptide backbone through a 
suitable linker. 

In certain preferred embodiments , the peptide nucleic 
acids of the invention have the general formula {!> : 
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(X) 



n is at least 2, 

each .of L'-l" is independently selected from the group 
consisting of hydrogen, hydroxy, (C r C 4 ) alkanoyl, naturally 
IS occurring mieleobases, non-natnxally occurring nucleofeases , 
aromatic moieties, DNA interealators , mieleobase-bina ing 
groups, heterocyclic moieties, and reporter Xigands, at least 
one of I- 5 -if being a naturally occurring aucXeobaase, a nan- 
naturally occurring nucieobaaa, a DSA. intercalator, or a 
2:0 anoieobase-binding group? 

each of aS*A* is a single bend, a methylene group or a 
of formula (Ila) or (Ufa) j 

~c— 



\ r 1 or 



ClXa) 



{lib} 



fro® 1 to 



integer from 1 to 



X is O, s, Se, HE , CH-. or C{q%)g? 

¥ is a single bond, o, s or MR j 

each of p and g is zero or an integer 
S, the sum p+q being not more than 10; 

each of r and s is zero or an in 
5, the sum r+s being not -more than 10.? 

each E' and 8* is independently selected from the 
group consisting of hydrogen, (c r c 6 ) alley X which nay he 
hydroxy™ or alkoxy- or alkylthio-substituted., hydroxy, 
alkoxy, aikylthio, amino and halogen? and 
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each R S and R 4 is independently selected fro® the 
group cons is i irogen, (C,~C 4 ) alky I hydroxy- or 

alkoxy- or alkylthie-substituted {C^C^aXkyl, hydroxy, 
alkoxy, alkyithi© and amino; 
S each of B 1 ~B n is M or R 5 M% where « 3 is as defined above; 

each of is ■ CS$5l 7 > CRR^CHR 7 or crVcs 2 , where I 6 is 

hydrogen and r' is selected fro® the group consisting of the 
side chains of naturally occurring alpha amino acids, or R* 
and R ? are independently selected from the group consisting of 
1.0 hydrogen, CCV~C 6 )alkyl, aryl , aralkyl, hater car yl , hydroxy, 
tq-C^) alkoxy, (c^c & )alkylthio, MR 3 R 4 and SR 5 , where R 3 and R 6 
are as defined above, and R 5 is hydrogen, <€< r C & }alkyl, 
hydroxy-, alkoxy- , or alkylthio- substituted (C r e & }alkyl, or 
R* and R 7 taken together complete an alieyelie or heterocyclic 
IS system; 

each of Is CRV r CB 2 CrV or CHR*CHR 7 , where R d and 

R r are as defined above; 

each of G 1 -~G ri1 is ~RR 3 c0~, ~HrW, hwkW' or -SR s so r ,Y 
in either orientation, where R 3 is as defined above; 
20 0 is ~€0 2 H, -COfiTR'R*', ~S0 s H or ~SQ ? m*M f ' or an 

activated derivative of -CO^H or *~S0 3 H| and 

I is -i?HR"'R"" or ~jm*"C<0)R"", where R* , R w , 
R ' ' * and R r,f * ate independently selected froB the group 
consisting of hydrogen, alkyl, amino protecting groups, 
25 reporter ligands, intercalators , chelators, peptides, 
proteins, carbohydrates, lipids, steroids, oligonucleotides 
and soluble and non-soluble polyroersu 

The peptide nucleic acids of the invention differ iron 
those disclosed in WO 86/05518 in that their recognition 
30 moieties are attached to an asa nitrogen atom In the backbone, 
rather than to an amide nitrogen atom, a hydra sine moiety or 
a carbon atom in the backbone. 
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Preferred peptide nucleic acids have general formula 

(XIX) : 




(III) 

wherein: 

5 each L is independently selected from the group 

consisting of hydrogen, phenyl; heterocyclic moieties, 
naturally occurring nucleohases, and aoa-a&turally occurring 

each E ?> is independently selected from the group 
iO consisting of hydrogen end the side efeaiae of naturally 
occurring alpha amino acids? 

a is an integer from 1 to SOj 

each of k, 1 and is is independently zero or an integer 
froja 1 to 5; 

15 R h is OS, H% or -UELyeHH 2 ? and 

R 5 is K or COC% 
Particularly preferred are compounds having formula (III) 
wherein each L is independently selected from the group 
consisting of the nucleohases thymine (T) , adenine (A) , 

20 cytokine (C) , guanine (&) , and uracil (vt) , K and m are ssero or 
1., and n is an integer from 1 to 30, in particular from 4 to 
20. An example of such a compound is provided in Figure l f 
which shows the structural similarity between such compounds 
and single-stranded: DP A, 

25 The peptide nucleic acids of the invention are 

synthesized by adaptation of standard peptide synthesis 
procedures, either in solution or on a solid phase. The 
synthons used are specially designed monomer amino acids or 
their activated dsrMti«s f protected toy standard protecting 
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~il~ 

groups* f rhe oligonucleotide analogs also can foe synthesized 
by using the corresponding di&cids and diamines* 

Thus, the .novel monomer synthons according to the 
invention are selected from the group consisting of amino 
S acids, diacids end diamines having general formulae; 

f ! 1 ' 

A * * 

(XV) (V) (to 

XS wherein L, A, B, Csndo are as defined above, except that any 
amino groups therein may be protected fey amino protecting 
groups; e is «, CSOH, soon, so 2 OH or an activated 
derivative thereof? and F is NHR 3 or NPgR 5 f where H 3 is as 
defined above and Pg is an amino protecting group. 
20 Preferred monomer synthons according to the invention 

are amino acids Having formula (WX)i 



30 

(VII) 

or amino-protected and/or acid terminal activated derivatives 
thereof, wherein h is selected from the group consisting of 

35 hydrogen, phenyl, heterocyclic moieties, naturally occurring 
nucleofeasas, non-naturally occurring nuclecbases, and 
protected derivatives thereof; and R 7 ' is independently 
selected from the group consisting of hydrogen and the side 
chains of naturally occurring alpha amino acids. Especially 

40 preferred are such synthons having formula (VII) wherein R 7 ' 
is hydrogen and It is selected from the group consisting of the 
nucleobases thymine (T) , adenine (h) , cytosine (C) , guanine 
(G> and uracil (U) and protected derivatives thereof. 
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0ne^ectediy, these compounds also are able to 
recognise duplex DMA by displacing one strand, thereby 
presumably generating a double helix with the other one. Such 
recognition can take place to dsDHA sequences 5-60 base pairs 
S long. Sequences between 10 and 20 bases are of interest since 
tails is the range within which unique MA sequences of 
prokaryotas and eukaryotes are found. Reagents which 
recognise 17-18 bases are of particular interest sine® this 
is the length of unique sequences in the human genome. The 

10 compounds of the invention also should foe able to f orm triple, 
helices with dsDH&. 

Whereas the improved binding of the compounds of the 
invention should render them efficient as antiserum agents, 
it is expected that an extended range of related reagents may 

15 cause strand displacement, now that this surprising and 

Thus, in one aspect, the present invention provides 
for inhibiting the expression of particular genes in 
of an organism, comprising administering to said 
as defined above which binds specifically 

Further, the invention provides methods for inhibiting 
transcription and/ or replication of particular genes or for 
inducing degradation of particular regions of double stranded 
25 m& in cells of an organise by administering to said organism 
a reagent as defined above. 

Still further, the invention provides methods for 
killing cells or virus by contacting said cells or virus with 
a reagent as defined above which binds specifically to 
30 sequences of the genome of said cells < 
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The nmaeroas objects and advantages of the present 
invention may be better understood by those skilled in the art 
by reference to the accompanying figures, in which; 
§ Figure % shows & " naturally occurring 

deoxyrihoaligonueleotide (A) and a peptide nucleic acid (PHA) 
of the invention {Bj . 

Figure 2 provides examples of naturally occurring and 
non-naturalXy occurring nucleobases for JDHA recognition and 
10 reporter groups* 

Figure 3 provides a schematic illustration of (a) 
photocleavage by Acr 1 - (*aeg> J0 ~X.ys-®K 2 (Acx-TlO-LysNHg) ; (b) 
photofootprint by the diaso-lin&ed acridina of Acr^CTaeg) w - 
Lys~HH 2 and preferred &MnQ 4 ~cleavage; end (c) S r nuclease 
15 enhanced cleavage and (d) micrococcus nuclease cleavage of 
Aer^Taag) 10 ~lys~KH g binding site, 

Figure 4 provides examples of pm saonoaer synthome of 
the invention, 

Figure 5 shove the Acr 1 Xigand and a MA f A0r 1 -(Teeg) ie - 
20 Lya-NH^ 

Figure § provides a general scheme for the preparation 
of monomer synthons. 

Figure ? provides a general scheme for the preparation 
of the Acr 1 Uganda 
25 figure a provides a general scheme for solid-phase FHA 

synthesis illustrating the preparation of linear unprotected 
PHA amides. 

Figure 9 shows analytical HPLC chroroatograias of: (&) 
crude H-ETaeg] 15 -NHj after HP-cleavage (before lyophi ligation) ; 

30 {8} crude Acr^[Taegj 15 ~HE 2 after HF-cleavage (before 
lyophilisation) ; and {£} purified to 5 »[Taeg3 ir HH^ Buffer A, 
5% CH S CH/9S% H ? Q/0,G445% TFA; buffer B,< 60% CHjCN/40% 
H 2 0/ 0.0390% TF&; linear gradient, 0-100% cf B in 30 mint flow 
rate, 1,2 ml/min? column, Vydae Q m {S pat, 0.46 x 25 cm). 

35 Figure 10 shows analytical HPLC chromatograms of s (A) 

purified H~CTaeg] 19 ~LysH*H., and (B) purified H-[Taeg) s -Caeg~ 
C'FaegJ^Lys-SHg employing the same conditions as in Figure 9. 
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Figures 11a and lib show binding of terTlO-Lys to a& ?sr 
S* -^labeled oligonucleotide (1) {S'^ATCOk,^) was incuto&ted 
in the absence or presage® of Aor-T.iD-LysHI% and in the 
absence or presence of .oligonucleotide (2) (S'-^ATCOS^Q) and 
S the samples were analyssed toy polyacrylaxsids gal 
electrophoresis (PUGS) and autoradiography under "native 
conditions" (figure 11a) or under ''denaturing conditions** 
(Figure lib). 

Figures ISa-c show chemical, photochemical, and 
10 enzymatic probing of dsmm~ik^r~Ti0~LysSH ? complex. Complexes, 
between &or~T10~i«ysHH 2 and a M p-e«d labeled UNA fragment 
containing a d& ts /dT te target sequence were probed by affinity 
photoeleavage (Figure. 12a, lanes 1*3; figure 12b , lanes 1-3), 
photofootprinting (Figure 13a, lanes 5*8), potassium 
15 permanganate probing (Figure i2b f lanes 4-6} or probing by 
staphylococcus nuclease (Figure 12b, lanes S~10> or by 
nuclease S 1 {Figure 12o) . Either the A~strand (Figure 12a) or 
the T~strand (Figures 12b, c) was probed. 

Figure 13 provides a procedure for the synthesis of 
20 protected mA synthons. 

Figure 14 provides a procedure for the synthesis of a 
px'otecfed adenine monomer synthon. 

Figure IS provides a procedure for the synthesis of a 
protected guanine monomer synthon, 
25 Figure 16 provides examples of FHA backbone 

alterations * 

Figure 1? provides a procedure for synthesis of thymine 
monomer synthons with side chains corresponding to the normal 
amino acids, 

30 Figures 18 a and 18b provide procedures for synthesis 

of an aminopropyl analogue and a propiooyl analogue, 

respectively, of a thymine monomer synthon* 

Figure IB provides a procedure for synthesis of an 

aminoethyl~#~alanine analogue of thymine monomer synthon, 
3S Figure 20 shows a ME autoradiograph demonstrating 

that m&s-® w -T$C and ~T 8 C 2 bind to double stranded DBA with 

high sequence specificity. 
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figure .21 shows a graph based on densitojsetrie scanning 
of P&SE autoradiographs demonstrating tha kinetics of the 
binding of PNA~T 10 to a double stranded target. 

Figure 22 shows a graph based on d cic scanni* g 

i S of msE autoradiographs demonstrating the. thermal stabilities 

of PHAs of varying longtbs bound to an &t3/' T tf5 double stranded 
v WA target. 

Figure 23 shows an elaetrophoretic gel staining 
demonstrating that restriction ansyne activity towards DMA is 
10 inhibited when HJA is bound proximal to the restriction enzyme 
recognition site. 

Figure 24 shows a PAGE antoradiograph demonstrating 
that 12S X~lafeeied ?UA-T t0 hinds to a complementary dA ie 
oi igonue loot ide * 

IS Figure 25 shows a peptide nucleic acid according to the 

invention, 

figure 26 shows the direction of synthesis for a 
peptide nucleic acid according to the invention. 

Figure 2? ssrovidess a test for the tosyl groop as a 
20 nitrogen protecting group in the synthesis of peptide nucleic 
acids . 

timmmsi psscexftiom of tee xmmmxm 

In the oligonucleotide analogs and Bonower synthons 
2S according to the invention, iigand h is primarily a naturally 
occurring nueleobase attached at the position found in nature, 
position 9 for adenine or guanine f and position l for 
thymine or cytokine. Alternatively, L may be a no.n~naturally 
occurring nuelsohaso (nueleobase analog) , another base-binding 
30 moiety, an aromatic moiety, ce t ~e 4 }alkanoyl, hydroxy or even 
i hydrogen. Some typical nucieofoase ligands and illustrative 

synthetic ligands are shown in Figure 2. Furthermore, h ean 
he a DNA intercalates: , a reporter iigand such as, for example, 
a fluorophor, radio label, spin label, hapten, or a protein- 
35 recognising iigand soon as biotin- 

In monomer synthons, L may ba blocked with protecting 
groups. This is illustrated in Figure 4, where Pg 1 is an 
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acid, a base or a &ycteog«nolyticially or photochemical Xy 
cleavable protecting group such as, for example, t- 
batoxycarbonyl (See) , fluorenyisaetliylo^casrbonyl (Fsioc) or 2- 
nitrobenzyl (2Mb) . 
5 Linker A can be a wide variety of groups such as 

-CR^CO--, -CrVcS-, -CR^CSe-, -CS^ 3 *, HCfcVo-CHfe- and 
™CRVe«e(€S% }*;-", where r\ and E 3 are as defined above* 
Preferably, & is ssethylenecarbonyl (-ai 2 CO-) * Also, A can he 
a longer chain moiety such as propanoyl, fontanoyX or 

10 peatanoyX, or corresponding derivative, wherein O is replaced 
by another value of x or the chain is substituted with A 1 or 
is heterogenous, containing "X. Farther, A can be a (Gg- 
€g) aX&yXane chain, a {C 2 ~c^ alkyXene chain substituted with rV 
or can be heterogenous, containing 1. In certain cases, & can 

IS jnsb be a single bond. 

in the preferred form of the invention, 8 is a nitrogen 
atosa, thereby presenting the possibility of an achixal 
backbone. B can also he r¥, where R 3 is as defined above. 

In the preferred form of the invention, C is ^CrV~> 

20 but can also be a two carbon unit, i.e. 

H»Va%-, where 8* and R 7 are as defined above. R* and R 
also can foe a heferoaryl group such as, for example, pyrroXyX, 
furyl, thienyl, imidasolyi, pyridyi, pyrimidinyX, indolyl, or 
can be taken together to complete an alicyelic system such as, 

2S for example , X , 2~eyciobutansdiy 1 , l , 2~cyclopentanediyX or X , 2 - 
cy elohexanadiyl » 

In the preferred form of the invention, E in the 
monomer synthoh is COOH or an activated derivative thereof., 
and G in the oligomer is -COSR 3 -. As defined above, B may 

30 also be CSOH, SOOH, SO ? pU or an activated derivative thereof, 
•whereby Q in the oligomer becomes -CSHR 9 -, ~SOMR*~and ~SG 2 HR*'~, 
respectively. The activation may, for example , be achieved 
using an acid anhydride or an active ester derivative, wherein 
hydrogen in the groups represented by & is replaced by a 

•35 leaving group suited for generating the growing backbone. 

The amino acids which form the backbone may be 
identical or different. We have found that those based on 2~ 
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a3y.n0etfeylgi.yc i ne are especially well suited to the purpose 
of the invention* 

In some oases it may be of interest to attach iigands 
at eit&er terminus <Q, I) to modulate the blading ch&raete- 
5 ristiee of the PMs, Representative iigands include DHA 
inter cala tors which will improve &&mk binding or, basic 
groups, such as lysine or poly lysine, which will strengthen 
the binding of m& to to electrostatic interaction. To 
decrease negatively charged groups such as earboxy and sulfo 
10 groups could he used, The design of the synthons further 
allows such other moieties to he located on non-terminal 
positions, 

m a further aspect of the invention, the M oligomers 
are conjugated to low molecular effector Iigands such as 

15 Iigands having nuclease activity or alkylating activity or 
reporter Iigands (fluorescent, spin labels, radioactive, 
protein recognition iigands, for example, blot in or haptens) . 
In a further aspect of the invention, the FHAs are conjugated 
to peptides or proteins , where the peptides have signaling 

20 activity and the proteins are,, for example, enzymes , 
transcription factors or antibodies, &lse, the PMas can foe 
attached to water-soluble or water- insoluble polymers. in 
another aspect of the invention, the PHAs are conjugated to 
oligonucleotides or carbohydrates. When warranted, a PHA 

2S oligomer can be synthesized onto some moiety {e.g. , a peptide 
chain, reporter, intercaiator or other type of Xigand- 
containing group) attached to a solid support. 

Such conjugates can be used for gene modulation (e,g, f 
gene targeted drugs), for diagnostics, for biotechnology, and 

30 for scientific purposes, 

as a further aspect of the invention, pu&s can be used 
to target M and &stMh to produce both ant isenss -type gene 
regulating moieties and hybridisation probes for the 
identification and purification of nucleic acids. 

35 Furthermore, the PNAs can be modified in such a way that they 
can form triple helices with cteDHA. Reagents that bind 
sequenoa-spaeifically to &sM& have applications as gene 
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targeted drugs, Tfcese are. foreseen as extremely useful drugs 
for treating diseases like cancer, AIDS and other virus 
Infections, and may also prove effective for treatment of some 
genetic diseases. Furthermore, these reagents may bo used for 
5 research and in diagnostics for detection and isolation of 
specific nucleic acids. 

The triple helix principle is believed to be the only 
jfenowa principle i« the art f or -science-specific recognition 
of dsDMA, However, triple helix formation Is largely limited 

10 to recognition of ho^opurina-hnmopyrisiidine sequences. Strand 
displacement is superior to triple helix recognition in that 
it allows for recognition of any sequence fey use of the four 
natural bases. Also, in strand displacement recognition 
readily occurs at physiological conditions, that is, neutral 

15 pH, ambient (20-40 0} temperature and stadium {100-150 sM) 
Ionic strength. 

Gene targeted drugs are. designed with a nuelaofoase 
seguence (containing 10-20 units) complementary to the 
regulatory region (the promoter) of the target gene, 

20 therefore t upon administration of the drug, it binds to the 
promoter and block access thereto by m& polymerase. 
Consequently, no mKNA, and thus no gene product (protein) , is 
produced, if the target is within a vital gene for a virus, 
no viable virus particles will be produced. Alternatively, 

25 the target could be downstream from the promoter, causing the 
HMA polymerase to terminate at this position, thus forming a 
truncated mRMA/protein which is nonfunctional. 

Sequence-specif ic recognition of s®m& by base comple- 
mentary hybridisation can likewise be exploited to target 

30 specific genes and viruses, in this case, the target sequence 
is contained in the- mHNA such that binding of the drug to the 
target binders the action of rihosomos and, consequently, 
translation of the mEBA into protein, The peptide nucleic 
acids of the invention are superior to prior reagents in that 

35 they have significantly higher affinity for complementary 
ssDSA, Also, they possess no charge and water soluble, which 
should facilitate, cellular uptake, and they contain amides of 
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non-foioiog leal amino acids* which should make. them hiostafele 
and resistant t© sna-ymatic degradation by f for example, 
proteases . 

Certain biochemical/biological properties of PHA 
5 oligomers are illustrated fey the following experiments. 
1, 8«qu*ttea diserimiaation at the dsMS. level CBxampi® €3 # 
figure so} « 

Using the S,~nuclease probing technique., the dis- 
crimination of .binding of the T 1g , T 5 CT 4 (T 9 C} & T 2 CT 2 CT 4 (T S C 2 ) pna 

10 to the recognition sequences A, Q , A S GA, & h 2 Qh0h 4 i*&t) 

cloned into the BamBI, Ball or Pstl sit© of the plasaid pUC19 
was analyzed . The results (Figure 20) show that the three 
PBAs hind to their respective recognition sequences with the 
following relative efficiencies? m& ~ TXOt A r8 > AjG » A S G 2> . 

IS PHA -T ? C; A^G > A 10 ~ fc g G 2 , PM& - T^i &g% > A^G » A ir mm 
at 3?«C one mismatch out of ten gives reduced efficiency (0-10 
times estimated) whereas two mismatches are not accepted. 
*« *i&«tie» of mw t9 - to» strand displacement complex' 
formatiea <Bxampls m, figure Si). 

20 Complex formation was probed fey Sj-mtclaase at various 

times following mixing of PEA and 3s T~endi.abeied dsDNA 
fragment (Figure 31}, 

3» Stability of im~6$x*K& complex (Example e'7, figure 22 > 
Complexes between FNA»T n and 32 P~dsDHA (A 10 /T te ) target 

25 were f orated (60 min, 37 *C) . The complexes were then incubated 
at the desired temperature in the presence of excess olige- 
dA w for 10 min, cooled to m and probed with KMnO,, The 
results (Figure 22) show that the thermal stability of the 
PSA-dsDSiA complexes mirror that of the pna oligonucleotide 

30 complexes in terms of «t» w . 

4, inhibition of restricfeioB anssvma cleavage by PKA 
(Example 63, Figure 2:35 

The plasmid construct , pTXG, contains a dA 10 /dT t8 tract 
cloned into the BamHX. site in p«C19 . Thus, cleavage of pTlO 

35 with B&sMl and PvuXI results in two small DMA fragments of 211 
and 111 hp, respectively. In the presence of PS»f Wf a 336 
bp fragment is obtained corresponding to cleavage only toy 
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Prail (Figure S3) « Thus cleavage by BamHI is inhibited by PHA 
bound proxiM&l to the restriction ensyee site. The results 
also show that the P»~dsDM& complex -ca» he formed in 100% 
yield, similar results were obtained using the pTSC2 plasmia 
S and BM&-T8C2* 

s s Bindiug of ^ir-i&beied ffll to oligonucleotides (Sample 
63 * Figure 3U| 

a ^r-PHa-T^ys-SHg was labeled with 125 2 using Na 125 l 
and ehioramine-? and purified by BP&C. The ?25 l~PNA-T iy was 

10 shorn to hind to oiigo~d& 18 toy mm and .autoradiography 
(Figure 24) « The binding could he competed toy excess 
denatured, calf thymus DBA* 

The sequence-specific recognition of dsBJTA is illu- 
strated toy the binding of a consisting of 10 thymine sub- 

15 stituted 3~aminoethylglycyl units , which c- terminates in a 
lysine amide and H~terminatas in a complex $~aminoaeridine 
ligand { S-Acr 1 - (Taeg) 1{r Lys-N%, Figure 11a, lib) to a dA, 0 /dT te 
target segueac®, Tt» target is contained in a 248 bp ^-end- 
labelled Dm~fragment» 

20 Strand displacement was ascertained by the following 

type of experiments 5 

l) The 9-Acr 1 ligand (Figure 5} , which is equipped with 
a 4-nitrobenaamido group to ensures cleavage of DBA upon 
irradiation, is expected only to cleave DMA in close proximity 

2S to its binding site. Upon irradiation of the PSA with the 
above 248 bp BN& fragment, selective cleavage at the dA ?8 /d$ t0 

2} In a so-called photofootprinting assay,, where a 
synthetic dia&e-linked aeridiue under irradiation cleaves DMA 
30 (except where the DHa is protected by said binding substance } 
upon interaction with m& in the presence of a Btm-binding 
substance. 

Such an experiment was performed with the above 24 g bp 
dsBMa fragment, which showed clear protection against pho- 
35 tooleavage of the fffi binding site {figure 3b) . 

3) In a similar type of experiment, the BKa-oieaving 
enzyme micrococcus nuclease,, which is also hindered in its 
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action &y most Bm~binding reagents, showed increased cleavage 
at the T w ~target (Figure 3c) * 

4} in yet another type of experiment., the well-known 
high susceptibility of single strand thymine ligauds (as 
s opposed to double ©trend thymine IXgands) towards potassium 
permanganate oxidation wee employed. Oxidation of the, 248 bp 
1b the presence of the reagent showed only oxidation of the 
T 18 *»strand of the target (Figure 3b) . 

§} In a similar type of demonstration, the single 

10 strand specificity of s t nuclease clearly showed that only the 
T 1s ~str&»d of the target was attacked {Figure 3d) . 

The very efficient binding of (Taeg) m (Taeg) lsr X.ys~&H g 
and Acr ~<Taeg) M HLy*HKB^ {Figures 11a. lib) to the correspond- 
ing d& 10 was furthermore illustrated in two ways? 

IS 1. Ligand-oHgonueleotida complexes will migrate 

slower than the naked oligonucleotide upon electrophoresis in 
polyacrylamida gels. consequently, such experiments were 
performed with Acr 1 * (Taeg) ^Lys-NHg and 3 Vend~ labelled && tg . 
This showed retarded migration under conditions where a normal 

20 dA T& /d'% duplex is stable, a® well as under conditions where 
such a duplex is unstable (denaturing gel) . A control 
experiment was performed with a mixture of AOr 1 - (Taeg) 10 ~Lys- 
ML and 3£ P~end~Xabelled dT«- which showed no re i: 
the above conditions, 

25 2, upon formation of »S?A duplexes (dsDNA) from single 

strand t>m* the extinction coefficient decreases {hypo- 
chromicity) . Thus, the denaturing of DMA can be followed by 
measuring changes in the ansorbance , for example, as a 
function of T m , the temperature where 50% of a duplex has 

30 disappeared to give single strands. 

Duplexes were formed from the single -stranded 
eligodeoxyrifoonuelaotides and the PNAs listed below, 
Typically 0.3 OD 26g of the T~rieh strand was hybridised with 
1 equivalent of the other strand by heating to 90 c for 5 rain, 

35 cooling to room temperature and kept for 30 min and finally 
stored in a refrigerator at 5 C for at least 30 min. The 
buffers used were all 10 m in phosphate and 1 mM in EDTA. 
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The low salt buffer contained &Q sodium chloride, whereas the 
medium salt buffer contained 140 m MaCI and the high salt 
buffer S00 mM Had, 1S» pH of all tlxe buffers was 7,2, tEhe 
melting temperature of the nybrids were determined on a 
5 Gilford Response apparatus. The following extinction 
coefficients were used Ai 13,4 ml/*«»ol*cm; tfs 8.8* 11.7 and 
Gs 7,3 for both normal oligonucleotides and m&. The melting 
curves were recorded in steps of 03 C/min. The T H ware 
determined from tbe maximum of the let derivative of the plot 
10 of A 2&{5 vs temperature. 

List of oiigodeoxyrifoonuoieotidees 
s. s'^m^asg^smh* 

6. S ' -AM-Aa-AM-A 

20 8 v S ' ~TTT~T€T~TTT-~T 

9 . S ' ~m-TC«C« 

11, S f -TTT-TTCHTTe-T 

12 , 5 * -TTC-TTC-TTT-T 
25 13 * 1 * £TT~~1 

14 . S ' HyUfc~^H&AAHU&-AAA 



TTC~rTC~T'rf~T~l<ys-KH 2 
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local malting before complete 



The hybrid formed between 1HA-A {poly xA) and fma~t, 0 - 
Lyw-HH 2 melts at such high temperature that it cannot be 
j&easureS (>9Q C). But specific hybridization is demonstrated 

2S by the large drop in fey mixing with KHA-A but not G f C and 
U, The experiment is done by mixing 1 ml of a solution of the 
Vm and I ml of a solution the SNA, each with, A m ** 0,6, and 
than measure the absarbsnca at 260 nm» Thereaf ter the sample 
is heated to 90 C for 5 mi» f cooled to room temperature ana 

30 kept, at this temperature for 30 minutes and finally stored at 
5C for 30 nin. 
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From the above measurements the following conclusions can foe 
jaade, There is base stae&ing, sine© a Belting curve is 
observed. The m&~tMK hybrid is more stable than a normal 

10 DNA-DNA hybrid, and the m~HNA is even .more stable, 
Mismatches cause significant drops in the Rvalue, whether 
the mlepaired base is in the DHA or in the FHA-strand. tehe 
Tuvalu® is only slightly dependent on ionic strength, as 
opposed to normal oligonucleotides « 

IS The synt&eai* of the FNAs according to the invention 

is discussed in detail in the following, where Figure 1 
illustrates one of the preferred mA examples and compares its 
structure to that of a complementary ». 

20 Synthesis of m& Oligomers end Polymers 

The principle of anchoring molecules onto a solid 
matrix, which helps in accounting for intermediate products 
during chemical transformations, is known, as Solid-Phase 
Synthesis or Me.rrifie.ld Synthesis (see, e.g., Merrifield, J* 

25 Ass. Chem* S&C«, 19€3, 85, 214 § and Science, 1SB6, 232 , 341}. 
Established methods for the stepwise or fragmentwise solid- 
phase assembly of amino acids into peptides normally employ 
a beaded matrix of slightly cross™ linked styrene-divinylben- 
zwm copolymer, the cross-linked copolymer having bean formed 

30 by the pearl polymerization of styrene monomer to which has 
been added a mixture of divinylbensemeo. A level of 1-2% 
cross-linking is usually employed. Such a matrix alec can be 
used in solid-phase PN& synthesis in accordance with the 
present invention {Figure 8} * 
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Concerning the initial f unet iona 1 i S a t i o n of the solid 
phase, more than fifty aethods have been described in 
connection with traditional solid-phase peptide synthesis 
(see... e.g. , Sarany and Merrifield in "The Peptides 5 ' Vol. 2,. 
5 Academic Frees, mw tm% f .If??, pp* 1-2-84, and Stewart and 
Young, "Solid Phase Peptide Synthesis*, 2nd Ed. , - Pierce 
Chemical Company , Illinois,, 1384} . Reactions for the 
introduction of chloromethyl. functionality fHerrifiald resin; 
via a ch.loroTset.hyl methyl ether/ Sn€l 4 reaction) , aminomethyl 
10 functionality (via an H~hydr oxymethy Iphtha lim id a reaction; 
see, Mitchell, et al„» Tetrahedron Lett., if 78, 3 TPS) , and 
ben^hydrylamino functionality {Pietta, &t J. chem, $oc, t 

X»70, 650} are the most widely applied. Regardless of its 
nature, the purpose of the functionality is normally to form 
IS an anchoring linkage .between the copolymer solid support and 
the e-terminua of the first amluo acid to fee coupled to the 
solid support. As will fee recognised, anchoring linkages also 
can fee formed between the solid support and the amino acid R- 
terminus. It is generally convenient to express the 
20 "concentration" of. a functional group in terms of sailllmoles 
per gram fmmol/g} . other reactive functionalities which have 
been initially introduced include 4~methylfeenshydryiasi.no ana 
4~methaxyfeen3hydrylamino» Ail of these established methods 
are in principle useful within the context of the present in- 
25 vent ion. Preferred methods for mh synthesis employ aminomef- 
hyl as the initial functionality, in that aminomethyl is 
particularly advantageous with respect to the incorporation 
of ^spacer" or ''handle** groups, owing to the reactivity of the 
amino group of the aminomethyl functionality with respect to 
30 the essentially quantitative formation of amide bonds to a 
earfeoxylic acid group at one end of the spacer-forming 
reagent, A vast number of relevant spacer™ or handle-forming 
bifunctional reagents have been described (see, Bar any, et 
al«, int. J. Peptide Protein Bas», ..if 87, 38, 70S) f especially 
35 reagents which are reactive toward s i as found 

in the aminomethyl function. Representative bifunctional 
reagents include 4»{haloaB:yl)aryi~-iower allcanoic acids such 
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as 4~{foromsmsthyl)phenyXaeetic acid, Boc«aminoacyl-4- 
< oxyphyl} aryl-iower al&anoic acids such as Boc-aminoacfyl-4- 
(oxya»ethyl) phony laeetic acid, Moc-p-aeylfeenshydry lamines 

H~Boc~4 >'~ lower 
set by I -p- 
a 1 Scoxy ~p - a ey Ifoen z ~ 




dryXaTsins, and 4 -hydrojjymetliy Xphsnoxyacetic acid. One type 
of spacer group particularly relevant wit&in the context of 
10 the present invention is the phenyXacetsmidomethyX &m$ 
handle {Mitchell and Merri field, J, Ore, <&aa.« IMS, 41 f 
2015) which, deriving from the electron withdrawing effect of 
the 4~phenyXacatamidomethyX group, is about 100 times .more- 
stable than the classical benzyl aster linkage towards the 
IS Boc-amin© deproteetion reagent trifluoroacetic acid (TWA) . 

certain functionalities (e.g., benshydrylamino , 4~ 
methylfeen^ydrylamino and 4-Bethoxybenshydrylamino) which may 
be incorporated for the purpose of cleavage of a synthesized 
PS& chain from the solid support such that the c~terminai of 
20 the MA chain is in amide form, require no introduction of a 
spacer group. Any such functionality may advantageously be 
ployed in the context of the present invention. 

An alternative strategy concerning the introduction of 
spacer or handle groups is the so-called "preformed handle" 
2S strategy (see, Tarn, et al., Synthesis, x»79, 955-057), which 
offers complete control over coupling of the first amino acid, 
and excludes the possibility of complications arising from the 
f undesired functional groups not related to the 
PHA synthesis. In this strategy, spacer or handle 
30 groups, of the same type as described above, are reacted with 
the f irst amino acid desired to be bound to the solid, support, 
the amino acid being ^-protected and optionally protected at 
the other side-chains which are not relevant with respect to 
the growth of the desired mm chain. Thus, in those eases in 
35 which a spacer or handle group is desirable, the first amino 
acid to be coupled to the solid support can either fee coupled 
to the free reactive end of a spacer group which has been 
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bound to the initially introduced functionality (for example, 
an aminoaethyl group) or can toe reacted with the spacer- 
forming .magant* space-forming reagent is than reacted 

with the. initially introduced functionality. Other useful 
* S anchoring schemes include the s *:mtiltidetaeba.ble* s resins (Tats, 

et alx, mtrahBdron L®tt., 191$ t 4935 and j\ M* €h®m f Sac.*, 
t**$t 102, 611; Tan,, J , Org. ChB®., 1888, SO, 5291}.. which 
provide more than one mode of Release and thereby allow more 
flexibility in synthetic design. 

10 Suitable choices for N-protection are the tert™ 

butyloxyc&rbonyl (Boo) group (Carpino, J, Am, che®. Soc, 
1957, 79. t 442?; McKay, &t al. f J\ Jta. Chew* Sac, im , 79, 
4886; Anderson, at al., «?♦ Mu Che®. Sac, fp- t 6180} 

normally in combination with benzyl-based groups for the 

15 protection of side chains, and the 9-fIuoranyimethyloxy™ 
carbonyl (F»oc) group (carpino, et al., J. Jus. Ch&m* See., 
i§?0, fa, S748 and Org* c&eau, 37, 3404), normally 

in combination with tart-butyl (tBu) for the protection of any 
side chains, although a number of other possibilities exist 

20 which are wall known in conventional solid-phase peptide 
synthesis. Thus, a wide range of other useful amino 
protecting groups exist, soma of which are Moc (Hess, at Ml*, 
J. Mi. Chem. Sac, isss, 8B f 1988) , Bpoe {Sieber, H&lv\ Chm, 
Acft*** mm, 51, 614) , Mob (Brady, at al . , J. Org, Chem, t 

25 1977, 42, 143}, Bic (Kemp, et a! . , Tetrahedron* 1978, 4624), 
the o~nitrophenyisuifanyi <Nps) <2*rvas, et al,, J* As?. Cjj©i». 
Soc, i»63, 85, 3660), and the dithiasuccinoyl (Dos) (Barany, 
et ai«, J. m* Che®. Soc, XS77, 99, 7362), these amino 
protecting groups, particularly those based on the widely-used 

30 urethane functionality, successfully prohibit ra.csm.Uat.lon 
(mediated by tautomeri nation of the readily formed oxaaolinons 
(az lactone) intermediates (Goodman, et al. t J. Am* Chem. See, 
1964, 96, 2918}} during the coupling of most a~ani.no acids. 
In addition to such amino protecting groups, a whole range of 

35 otherwise "worthless*' noniirethans-type of amino protecting 
groups are applicable when assembling PMA molecules, 
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especially those built from aehixal units. Thus, not only the 
above-mentioned amino protecting groups {or those derived from 
any of these groups} are useful within the context of the 
present invention* hut virtually any amino protecting group. 
5 which largely fulfills the follow!? s (1) 

stability to miM acids (not significantly attached fey 
carfeoxyX groups) ; (2) stability to mild bases or naeleophiles 
(not significantly attacked by the amino group in question) ? 
(3) resistance to acyiation (not .significantly attacked by 

10 activated amino acids) ». Additionally* (4) the protecting 
group must be close to quantitatively removable, without 
serious side reactions., and (5) the optical integrity, if any, 
of the incoming amino acid should preferably foe highly 
preserved upon coupling. Finally , the choice of side-chain, 

IS protecting groups, in general, depends on the choice of the 
amino protecting group, since the protection of sida~ohain 
functionalities must withstand the conditions of the repeated 
amino deproteetien cycles. This is true whether the overall 
strategy for chemically assembling FM molecules relies on, 

20 for example , differential acid stability of amino and eider 
chain protecting groups (such as is the case for the above- 
mentioned "BoeHbenasyl" approach) or employs an orthogonal, 
that is, chemoseleetive, protection scheme (such as is the 
case for the above-mentioned *'Fmoc~tBu" approach) , 

25 Following coupling of the first amino acid, the next 

stage of solid-phase synthesis is the systematic elaboration 
of the desired mm chain. This elaboration involves repeated 
deprotection/ coupling cycles. The temporary protecting group, 
such as a Boc or Banc group, on the last-coupled amino acid 

30 is quantitatively removed by a suitable treatment, for 
example, by aoido lysis, such as with tri Lc acid, in 

the case of Boc, or lay base treatment, such as vith 
pipsridine, in the case of Fmoc, so as to liberate the N- 
terminai amine function* 

3S The next desired K-protected amino acid is then coupled 

to the H-terminal of the last-coupled amino acid. This 
coupling of the c-terminai of an amino acid with the N~ 
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t«r»ifial Of th« Xast~coupl«d »nina acid «an fe® achieved in 
several waya. Fsr exsa$)Xa t the earboxyX group of the incoming 
amino acid can be reacted directly with the B-tOTieal of the 
iast-coupiad amino acid with the assistance of a condensation 
§ reagent such as, for sample, dicyciohe^lcarbodiisdd^ (DCC) 
{Sheehan & eess, at aJU* J. Ar. C&em, Aw., 1955, 7?/ 1067} 
anddiisoproplycarbodilHidtt <DIC) («r*»atafci» at «X, , Mooted 
foiophy^ res, eoi»», 1»7«, 73, 336) or derivatives thereof, 
Alternatively, it can foe bound by providing tfa» incoming amino 
10 acid in a fora with the wrboscyi group activated by any of 
several methods, including the initial formation of an active 
ester derivative such at. a 2, 4 , s~triehXorophenyl est** <*les*. 
•*«!,, Ifitfr. CSW»- Art** i«W> 4*. a phth&liaido ester 

immm, at * a^* am. am.., i*w« ia«3>< 9 

IS pentachloronhenyl «rt»r (Xupry«M«slci , Jto«. * "M., «, 

§25), & pentafleorophenyl ester <Keva©«, et al*> «?* -A*- Cfc«»K 
Joe, IS, 183), an c~nitrophervyl ester (Boda«&y, 

rntur®* itti, 175, 6*5) ♦ an imidazole «st*a? (14, et al* , «?* 
As?* Gfeew* 0oc» , it70» «f, 7608}, and a 3«hydroxy-4-o3»-3 f 4- 

20 difeydroquinaaoline (flfafct-08) ester C»onig* at el * , Ohm, , 
3t«74, 101, 30S4 and 2034} f or the initial formation of an 
anhydride such as a symmetrical anhydride {Wieland, et al. f 
Anew, ch&m*, Xnt. XA. SngZ., 10, 336). B«nsotria*olyl 

K-o^risdiaet&yiamine^hospbonitrai hexafluorophosphate (BOP) f 

25 «eastre.«a raageRt* Fiv&lll*, *tal., mtrakzdron, 

%M9, $*, 3413) is reaoMided when assailing *Kfc mol*eUl*s 
containing secondary amino groups. Finally, activated mk 
monomers analogous to the reeently-sreportsd amino acid 
fluorides (Carplno. J» 4k. chem. , »», 112, hold 

30 considerable promise to fee used in *N& synthesis as veil. 

Following MMrtbly of the desired VSh chain, including 
protecting groups, the next step will normally foe deprctection 
of the amino acid moietios of tM Wh ohain and cleavage of 
the synthesized » from the solid support, Those proc«»m 

35 can taXo place substantially eimuXtanaensly f thereby providing 
the mm ?» Meoule in the desired form. Alternatively, in 
eftm in which condensation of two separately synthesized vm 



Stains is to foa carried out, it is possible by choosing a 
suitable spacer group at the start of the synthesis to cleave 
the desired SKA chains from their respective solid supports 
(both peptide chains still incorporating their side-chain 
5 protecting groups) and finally removing the side-chain 
protecting groups after, for example,, coupling the two side- 
chain protected peptide chains to form a longer Wk chain* 

In the above-mentioned **Boo~bensyl R protection scheme , 
the final depro taction of sida-cnains and release of the P» 

10 molecule from the solid support is most often carried out by 
the use of strong acids such as anhydrous BP (Sakakibara, et 
al., Bull, Cham. 8og* Jpn>, 19€S, 38, 4921} , boron tris 
(trifiuoroacetate} (Floss, et al., Belv* Chim. Acta, 1973., 4S f 
1S0S) , and sulfonic acids such as trif luoromathanesulfonie 

1.5 acid and methanesulfonie acid (Xajima, et al., J, Ch&m. 8ac. r 
Cham* Comm., if 74, 107). This conventional strong acid (e.g. , 
anhydrous BF) deprofection method, produces yaty reactive 
carboeations that may lead to alley lation and acylation of 
sensitive residues in the m& chain. Such side»raactlo.ns are 

20 only partly avoided by the presence of scavengers such as 
anisole, phenol, dimethyl sulfide, and marcaptosthanol and, 
therefore, the sulf ide~assisted acidolytic S N 2 ^protection 
method {Tarn, et al,, J. Ch&m, Boc. f 3,983, IDS, 6442 and 
J\ M. Che®, Soc„, &»#*, XQ8< 5242} , the so-called *i©y», 

25 which removes the precursors of harmful carfaoeations to form 
inert sulfonium salts, is frequently employed in peptide and 
WK synthesis, eitber solely or in combination with "high* 
methods. Less frequently, in special cases, other methods 
used for deprotection and/or final cleavage of the PHA-solid 

30 support bond are, for example, snch methods as base-catalysed 
alcoholysis (Barton, at al,, 3* Mi, Chmii* soc, 1973, 95, 
4501} , and ammonoiysis as well as hydras ino lysis (Bodanszky, 
et al., cheat. Jnd., 1964 1423), hydrogenolysis (Jones, 
tetrahedron L&tt. 197? 28S3 and Schlatter, et al., T&trah&aron 

35 Lett. 1977 2861)), and photolysis (Rich and Gurwara, J. Am. 
Mom. $oc, s 1975 57, 1S7S}). 



WO«/W7tt2 




Finally, in contrast with the chemical synthesis of 
l w peptides, stepwise chain building of aehlrai PM&s 
such as those based on am inoethy Ig Xyey 1 backbone units can 
start either from the H-terminus or th& C~tarminus, because 
S the coupling reactions are free of racemisation. Those 
skilled in the art will recognise that whereas syntheses 
commencing at the C-terminus typically employ protected amine 
groups and free or activated acid groups, syntheses commencing 
at the N~ter»inus typically employ protected acid groups and 

10 

on the recognition that most operations are 
the synthetic cycles of solid-phase peptide 
synthesis (as is also the case for solid-phase PH& synthesis) , 
a new matrix, peps, was recently introduced (Berg, et al , , <j» 
IS to. Chmu $oa., ill t 0024 and International Patent 

Application wo so/02749} to facilitate the preparation of 
large numbers of peptides, This matrix is comprised of a 
polyethylene (PE) film with pendant long-chain polystyrene 
(PS) grafts (molecular weight on the order of 10*} » The 
20 loading capacity of the film is as high as that of a beaded 
matrix, text FBPS has the additional flexibility to suit 
multiple syntheses simultaneously. Thus, in a new 
configuration for solid-phase peptide synthesis, the PEPS film 
is fashioned in the form of discrete, labeled sheets, each 
25 serving as an individual compartment. During all the 
identical steps of the synthetic cycles, the sheets are kept 
together in a single reaction vessel to permit concurrent 
preparation of a multitude of peptides at a rate close to that 
of a single peptide by conventional methods. It was reasoned 
30 that the PEPS film support, comprising linker or spacer groups 
adapted to the particular chemistry in question, should be 
particularly valuable in the synthesis of multiple PISA 
molecules , these being conceptually simple to synthesize since 
only four different reaction compartments are normally 
35 required, one for each of the four «pseudo~nucl@ot ide* units. 
Thus, the PEPS fiim support has been successfully tested in 
a number of m®> synthases carried out in a parallel and 
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substantially simultaneous fashion. The yield and guality of 
the products obtained fro® PEPS were comparable to those 
obtained toy using th» traditional polystyrene beaded support* 
also, experiments with other geometries of the PEPS polymer 
S each as, for example, .non-woven felt, knitted net, sticks or 
mierowellplat.es ham not indicated any limitations ,of the 
synthetic efficacy* 

Two other- methods proposed for the simultaneous 
synthesis of large numbers of peptides also apply to the 

10 preparation- of multiple, different PSfA molecules* The first 
of these methods (Geysers, et ml., Proa* Nail . head. Sol. O&A, 
±§B4 t 6l t 3993) utilises acrylic acid-grafted polyethylene- 
rods and »S~»icrotiter wells to immobilise the growing peptide 
chains and to perform the compartmentalised synthesis, telle 

IS .highly effective, the method is only applicable on a microgram 
scale. The second method (Houghten, Pros* Natl. Acad* Sal. 
USA t 3.985, 83, 5131} utilizes a "tea bag** containing 
traditionally-nsed polymer heads. Other relevant proposals 
for multiple peptide or m& synthesis in the context of the 

20 present invention include the simultaneous use of two 
different supports with different densities (Tregaar, in 
»<&«atf*fcry and Biology of Peptides", 3. Meienhofer, ed. , ton 
&rhor Sol. Pufcl., ton Arbor, 1972 pp, 17S-178) , combining of 
reaction vessels via a manifold (Gorman, Anal. Bio«hem, f %m4 t 

25 136 , 397), muiticolnsm solid-phase synthesis (e.g. Krchnak, 
et al. f Jut. J. Peptide Protein jRes., 1988, S3 1 2.09) , and Holm 
and Heidal, in »Proce*dfiug-s of the 20th European Peptide 
Symposium", <». Jung and E. Bayer, eds., Walter de Gruytar & 
Co., Berlin, tm9 pp. 208-210), and the use of cellulose paper 

3D (Kichler, et al., Coll&ct- Czech* Ch&m. Comma., 1985, 54, 
1746) . 

While the conventional cross - X inked 
styrene/divinylbenzene copolymer matrix and the PEPS support 
are presently preferred in the content of solid-phase PHIL 
35 synthesis, a non-limiting list cf examples of solid supports 
which may be o£ relevance are; {1} Particles based upon 
copolymers of aimethylacrylamide cross-linked with N,N*~ 
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bisaaryiojXethylensaiamiJse, including a known amount of J?~ 
t e r 1 1 si t o x | c s r b o r y 1 - b e t a - a i a n y 1 - H ' ~ 
acryloylhexa»ethylenedia»ine. Several spacer molecules are 
typically added via the beta alanyl group, followed thereafter 
S by the amino acid rasite subunits," Also, the beta alanyl- 
containing monomer can be replaced with an acryloyl sareosins 
monomer during polymerisation to form resin beads. The 
polymerisation is followed, fey reaction of the heads with 
ethylenediamina to form resin particles that contain primary 

W amines as -the eovalently linked functionality. The 
polyaerylamida-based supports are relatively more hydrophllic 
than are the polystyrene-based supports and are usually used 
with polar aprotie solvents including dimethyl! ormamide, 
dimathylaeetamide, N-methylpyrroiidone and the ii&a {see 

IS Atherton, efc aJU , J, m* mem* $oc. , lS?S f 9? f SSS4, Bioorg, 
mm. 8, 3SXh and J,c*S. Parkin X 538 £1981)); (2) a 

second group of solid supports is based on silic&~contaihing 
particles such as porous glass beads and silica gel, One 
example is the reaction product of trichloro~[ 3~(4~ 

20 chloromethyl) phenyl 3propylsilane and porous glass beads fees 
Parr and Srohmann., Aogew;, Cfeem. Internal . M. X97Z, 21, 314 J 
sold under the trademark "PQRKSIL E* by Waters Associates, 
Framingham, MA,. USA. similarly, a mono estar of l,4~dihydro~ 
xp&ethylbensens and silica (sold under the trademark "BlOPAK* 

25 by Waters Associates) has been reported to be useful (see 
Bayer and 0ung, Tetrahedron Lett., 1S70, 4503}? (3) a third 
general type of useful solid supports can be termed composites 
in that they contain two major ingredients : a resin and 
another material that is also substantially inert to the 

30 organic synthesis reaction conditions employed. one exemplary 
composite (see Scott, efc al. f J. Chrom, Sci« f 9 f S?7) 

utilised glass particles coated with a hydrophobic, cross- 
linked styrane polymer containing reactive cbioromathyl 
groups, and was supplied by Horthgate laboratories, Inc., of 

35 Hamden, CT, USA, Another exemplary composite contains a core 
of f luorinated ethylene polymer onto which has been grafted 
polystyrene (see Kent and Merrifield, Israel J, Ch&m. is?e. 
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17 1 243} and vain Rietsehoten in "Peptides 1974* < Y. Wolffian, 
Ed., Wiley and Sons, Haw York, 4875, PP* 113-11$) ? and (4) 
contiguous solid supports other than WSB8, such ss cotton 
sheets (Lebl and Eichler, Fepfcidfe JRes. 1888 a, S3 2) and 
5 hydre.xypropyla^ylata~coated polypropylene membranes (Daniels, 
et al., TetVBh&dron L®tt„ 1999, 434S} , are suited for FHA 
synthesis as well < 

Whether manually or automatically operated, solid-phase 
H?& synthesis in the context of the present invention is 

10 normally performed: featchwise. However, most of the syntheses 
may equally well he carried out in the continuous-flow mode, 
where the support is packed into columns (Bayer, et a!,, 
T&trah&dron Lett. , 1978, 4503 and Scott, et al, , <T* 
Chrom&togr, Sod. , *9?1, 9, S7?) . With respect to continuous^ 

IS flow solid-phase synthesis, the rigid polyCdiisethylacryiaBi- 
de) -Kieselguhr support (Atherton, et al., J « Cham. So&> <Zkm» 
Comstm., 1151) appears to fee particularly successful, 

but another valuable configuration concerns the one worked 
out for the standard copoly(styrene-l%~divinylben53ene) support 

SO (Krchnak, et «£., T&trahmdron X-ett . , 1987, 4468) , 

While the solid-phase technique is presently preferred 
in the context of m& synthesis, other methodologies or 
combinations thereof, for example, in combination with the 
solid-phase technique, apply as well: (1) the classical 

25 solution-phase methods for peptide synthesis (e.gr* , Bodanssky, 
"Principles of Peptide Synthesis*', Sprioger-varlag, Berlin-new 
York 1884) t either by stepwise assembly or by segment / fragment 
condensation, are of particular relevance when considering 
especially large scale productions (gram, kilogram, and even 

30 tons) of PHA compounds; (2) the so-called "liquid-phase 1 " 
strategy, which utilises soluble polymeric supports such as 
linear polystyrene {Shemyakin, et tetrahedron £efct», 

19 65, 2323} and polyethylene glycol (PES) {Mutter and Bayer, 
mgm< Chm» t . Jnti M*. Engrl., 1974, 13, 88), is useful; (3) 

35 random polymerisation (see, e«g, , Odian, "Principles of 
jPolxmrixatian* , McGraw-Hill, Mew York (1970}) yielding 
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aixtsires of many molecular weights ( *poiyd ispersa» ) peptide 
or PHA molecules are particularly relevant for purposes such 
as screening for antiviral effects; (4). a technique based on 
the use of polymer-supported amino moid active esters 
5 {FrioMii, et al«# J, m* €h&m* Soc* , 19$$, 87, 4646), 
sometimes referred to as "inverse Herri field synthesis 5 * or 
"polyzaeric reagent synthesis** , offers the advantage of 
isolation and purification of intermediate products,, and may 
thus provide a particularly suitable method for the synthesis 

10 of medium-siied, optionally protected, PNA molecules, that can 
subsequently be used for fragment condensation into larger PBA 
molecules; (S) it is envisaged that PHA molecules may toe 
assembled ensymaticaily by enzymes such as proteases or 
derivatives thereof with novel specificities (obtained, for 

15 example, by artificial means such as protein engineering). 
Also, one can envision the development of «PNA ligases'" for 
the condensation of a number of PH& fragments into very large 
PH& molecules; {6} since antibodies can be generated to 
virtually any molecule of interest, the recently developed 

20 catalytic antibodies (abssymes) , discovered simultaneously by 
the groups. of Lerner {Tramantano , et ai., Science, 234, 
1566} and of Schultx (Pollack, et sl„, Science, %9&4, 234, 
1ST®), should also be considered as potential candidates for 
assembling PKA molecules. Thus, there has been considerable 

25 success in producing absyaes catalysing acyl-transf ar 
reactions (see for example sfcokat, et el,, Mature, i§.»§ # 33s, 
269} and references therein) . Finally, completely artificial 
enzymes, very recently pioneered by Stewart's group (Harm, et 
ai», Science, x«o, 248, 1544), may be developed to suit PNA 

30 synthesis. The design of generally applicable enzymes, 
ligasas, and catalytic antibodies, capable of mediating 
specific coupling reactions , should be more readily achieved 
for PNA synthesis than for "normal* peptide synthesis since 
PB& molecules will often be comprised of only tour different 

3$ amino acids (one for each of the four native nnciecbases) as 
compared to the twenty natural fey occurring Cproteinogenic) 
amino acids constituting peptides. In conclusion, no single 
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strategy may be wholly suitable for the synthesis of a 
specific 2?Hk molecule, and therefore, sometimes a combination 
of methods may work best. 

The present invention also is directed to therapeutic 
5 or prophylactic «ses for peptide ' nucleic acids. Lively 
therapeutic and prophylactic targets include herpes simplex 
virus (HSV) f human pap illoma virus (HP¥) , human 
iaaanodef icienoy virus (ffl&) t candidia albicans, influenza 
virus., cytomegalovirus {CM^} , intracellular adhesion molecules 

10 (ICMA) , S-lipossygenase (5-LO) , phospholipids % (PL&g) , 
protein kinase c (PKC) , and MS oncogene. Potential 
applications of such targeting include treatments for ocular, 
labial, genital, and systemic herpes simplex I and XI 
infections? genital warts? cervical cancer? common warts? 

15 Kaposi's sarcoma? elDS? skin and systemic fungal infections f 
f lu; pneumonia; retinitis and pneumonitis in immunosuppressed 
patients? mononucleosis? ocular, skin and systemic 
inflammation? cardiovascular disease? cancer? asthma? 
psoriasis; cardiovascular collapse? cardiac infarction? 

30 gastrointestinal disease? kidney disease; rheumatoid 
arthritis; osteoarthritis? acute pancreatitis? septic shock; 
and Crohn's disease. 

For therapeutic or prophylactic treatment, the peptide 
nucleic acids of the invention can be formulated in a. 

25 pharmaceutical composition, which may include carriers, 
thickeners, diluents, buffers, preservatives, surface active 
agents and the like* Pharmaceutical compositions may also 
include one or more active ingredients audi as antimicrobial 
agents, antiinflammatory agents, anesthetics,, and the like in 

3.0 addition, to peptide nucleic acid, 

The pharmaceutical composition may he administered in 
a number of ways depending on whether local or systemic 
treatment is desired, and on the area to foe treated. 
Administration may be done topically (including 

3S ophthaimlcally, vaginally, rectaily, intranasaliy} , orally, 
by inhalation, or parenterally, for example by intravenous 
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drip or subcutaneous, intraperitoneal or intramuscular 
injection. 

Formulations for topical administration may include 
ointments, lotions, creams, gels, drops, suppositories, 
5 sprays, liquids and powders. Conventional pharmaceutical 
carriers, aqueous, powder or oily bases, thickeners and the 
Xiks may fee necessary or desirable. Coated condoms may also 
be osefui. 

Compositions for oral administration include powders 
ID or granules," suspensions or solutions in water or non-aqueous 
media, capsules, sachets, or tablets. Thickeners, flavorings, 
diluents, oaalsifiers, dispersing aids or binders my be 
desirable. 

Formulations for parenteral administration may include 

X5 sterile aqueous solutions which may also contain buffers, 
diluents and other suitable additives, 

Dosing is dependent on severity and responsiveness of 
the condition to foe treated, hut will normally be one or more 
doses per day, with course of treatment lasting from several 

30 days to several months or until a cure is effected or a 
diminution of disease state is achieved. Persons of ordinary 
mill can easily determine optimum dosages, dosing 
methodologies and repetition rates, 

Treatments of this type can be practiced one a variety 

25 of organisms ranging from unicellular prokaryotio and eukaryo- 
tlc organisms to multicellular eukaryotic organisms, Any 
organism that utilizes WA~WfK transcription or SKA-protein 
translation as a fundamental part of its hereditary, metabolic 
or cellular control is susceptible to therapeutic and/or 

30 prophylactic treatment in accordance with the invention. 
Seemingly diverse organisms such as bacteria, yeast, protozoa, 
algae, all plants and all higher animal forms, including warm- 
blooded animals, can he treated. Further, since each cell of 
multicellular enkaryetes can be treated since they include 

35 both DNA-RNA transcription and KNA-protein translation as 
integral parts of their cellular activity. Furthermore, many 
of the organelles (e.g., mitochondria and chioroplasts} of 
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eukaryotio cells also is«#is transcription and translation 
mechanisms. ©ius f single cells , cellular populations or 
organelles can also fee included within the definition of 
organisms that can fee treated with therapeutic or diagnostic 
S phosphorothioate oligonucleotides; As used herein, 

therapeutics is meant to include the eradication of a disease 
state t by billing an organism or fey control of erratic- or 
harmful cellular growth or expression. 

The present invention also pertains to the advantageous 

10 use of fha molecules in solid-phase biochemistry (see, 

«SolM~Phas0 MJ.oahsmi.strf ~ Analytical and synth&tic Aspect**, 
W» ST. Scouten, ed., John Wiley & Sons, New York, 1S83) , 
notably solid-phase biosystems, especially bioassays or solid- 
phase techniques which concerns diagnostic detection/gu&hti~ 

15 ration or affinity purification of complementary nucleic acids 
(see,, e,gv, "Affinity Chromatography - A Practical Approach*, 
3», d» G» Dean,. W» S. Johnson and F. Middle, eds, , XSL Press 
Ltd. * Oxford IfSS; mucleic Acid Eybri dilation - A Practical 
Approach'* t B. D* Barnes and S, J. Biggins, XRL Press Ltd. , 

20 Oxford 1987) » Present day methods for performing such 
bioassays or purification techniques almost exclusively 
utilize "normal" or slightly modified oligonucleotides either 
physically adsorbed or bound through a substantially permanent 
covalent anchoring linkage to beaded solid supports such as 

25 cellulose, glass beads, including those srith controlled 
porosity (Hizutani, et al., Ji Chzvmatogr. , i#8«, S5S t 202), 
«Sephadex", "Sepharose* > agarose, polymery iamide , porous 
particulate alumina, hydroxyalkyi methacrylate gels, dial- 
bonded silica, porous ceramics, or contiguous-materials such 

30 as filter discs of nylon and nitrocellulose. One example 
employed the chemical synthesis of oligo-dT on cellulose beads 
for the affinity isolation of poly h tail containing r.ENA 
(Gilham in methods in Ezzymology, M I*. Grosssmaan. and K. 
Molds ve, eds., vol. 21, part B, page 191, hcademic Press, Hew 

35 £ork and London, 1971} . All the above-mentioned methods are 
applicable within the context, of the present invention. 
However, when possible, covalent linkage is preferred over the 
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physical adsorption of the molecules in question, since the 
latter approach .has the disadvantage that some of the 
iiamofeiliaied mo-leoulee cafc fee washed out (deserted) during the 
hybridization or affinity process. There Is, thus, little 
5 control of the extent to which a "species; adsorbed on the 
surface- of the support material is last during the parlous 
treatments to which the support is subjected in the course of 
the Moassay /purification -procedure. The severity of this 
problem wlU, of course, depend to a large extent on the rate 
10 at which equilibrium between adsorbed and »free* species is 
established, in certain cases it may be virtually impossible 
to perform a quantitative assay with acceptable accuracy 
and/or reproducibility. hose of adsorbed species during 
treatment of the support with body fluids, agueous reagents 

15 or washing media will, in general, foe expected to foe most 
pronounced for species of relatively low molecular weight, 
in contrast with oligonucleotides, PNA molecules are easier 
to attach onto solid supports because they contain strong 
nucleopfcilic and/or elactrophilic centers. In addition, the 

20 direct assembly of oligonucleotides onto solid supports 
suffers from an extremely low loading of the immobilized 
molecule, mainly due to the low surface capacity of the 
materials that allow the successful use of the state-of-the- 
art phosphoramidite chemistry for the construction of oligo- 

25 nucleotides. (Beaucage and Carnthers, tetrahedron Lett . , 

22, 1859; Caruthers, Science, 1985, 232 t 281}, It also 
suffers from the fact that fey using the alternative phosphite 
tri ester method (Letsinger and Mahadevan, Ji Am, Cham, $oc, 
i0?«, 9B, 3655), which is suited for solid supports with a 

30 high surface/ loading capacity, only relatively short oligo- 
nucleotides can fee obtained. As for conventional solid-phase 
peptide synthesis, however, the latter supports are excellent 
materials for building up i mobilised PHA molecules (the side- 
chain protecting groups are removed from the synthesized PP& 

35 chain without cleaving the anchoring linkage holding the chain 
to the solid support), Thus,. PHA species benefit from the 
above-described, solid-phase techniques with respect to the 
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Mch higher (and still sequence-spscif ie) binding affinity for 
complementary nucleic acids and from the additional unique 
sequence-specific recognition of (and strong binding to) 
nucleic acids present in double-stranded structures. They 
5 also can be loaded onto solid supports in large amounts, thus 
farther increasing the sensitivity / capacity of the solid-phase 
technique. Farther, certain types of studies concerning the 
use ©f m& in solid-phase Mochemistry can be approached r 
facilitated, or greatly accelerated by use of the recently- 

10 reported "light-directed,, spatially addressable, parallel 
chemical synthesis* technology (Fodcr f etal,, science, i»i, 
251, 767} , a technique that combines solid-phase chemistry and 
photolithography to produce thousands of highly diverse, but 
identifiable, permanently immobilised compounds {such as 

W peptides) in a substantially simultaneous way. 

additional objects, advantages, and novel features of 
this invention will become apparent to those sxilled in the 
art upon examination of the following examples thereof , which 
20 are not intended to he limiting. 

Synthesis of monomer io building blocks 

The monomers preferably are synthesized by the general 
scheme outlined in Figure 1.3. This involves preparation of 

2d either the methyl or ethyl ester of { Baeaminoef hyl) glycine , 
toy a protect ion/depratect ion procedure as described in 
Examples 24-26. The synthesis of thymine monomer is described 
in Examples 27-28, and that of the protected cytosi na monomer 
is described in Example 29, 

30 The synthesis of the protected adenine monomer (Figure 

14} involved alhylation with ethyl bromoacetats (Example 30) 
and verification of the position of substitution by X-ray 
crystallography, as being the wanted S -position. The P 6 -amino 
gro^p then was protected with the bensyloxyearbonyi group by 

3S the use of the reagent K-ethyl-benzyloxycarbonylimida2oie 
tetrafinorohorafe (Example 31) , Simple hydrolysis of the 
product ester (Example 32} gave H^toensyioxycarhonyl-»9-~ 
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ethyl adenine* 
procedure (Examples 33-34, Figure 13). The adenine : 
has been built into two different S38A-oligom®rs (Examples 56, 
5?., 71 and 73). 

S synthesis of the protects G -monomer is outlined 

in Figure IS* Tkm starting material, 2~amino"6~chloropurina, 
was alkylated with bromoacatie acid (Example 3S) and the 
chlorine atom was then subs titer el w - y group 

(Example 36). l>he resulting acid was coupled to the 

10 (bocaminoethyi) glycine methyl ©star (from Example 26) with 
agent PyBrop™, and the resulting ester was hydroiysed (Example 
37) . The o*~foenayl group was removed in the final HF~cXeavag© 
step in the synthesis of the pHA«oligoM©r . Cleavage i*a© 
verified by finding the expected mass of 

15 dig 

diisopropyl carbodiimiae as the condensation agent (E 
SS and 71) . 

of the groups A, c and B | f igure 16) is 
20 demonstrated by the synthesis of monosusric building blocks and 
incorporation into PM&~oligomers* 

In one example, the c group was a CH(CH S ) group. The 
synthesis of the corresponding monomer is outlined in Figure 
17. It involves preparation of Boe«~pretectad l~amin©-2,3~ 
25 propanediol (Example 38) , which is cleaved by periodate to 
give boeaminoaeetaidehyde, which is used directly in the next 
react ion. The boeaminoaeetaldenyde can he condensed with a 
variety of amines; in Example 39, alanine ethyl ester was 
used, in Examples 40-42. > the corresponding thymine monomers 
30 were prepared. The monomer has been incorporated into an 8~ 
mer (Example 60) by the DCC-coupling protocol (Examples- 56 and 
57} * . ■> 

in another example^ the » group is a (tm s } % group. The 
synthesis of the corresponding monomer is outlined in figure. 
35 18. a and tocrifeod in Examples 43-44. 
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Tn another example, the h group is a {CE 2 ) f CO group. 
The synthesis of tfcs corresponding thymine monomer is outlined 
figure 18. B and Examples 46 through 48. 

In yet another example, the c group is a {CU^ Z group. 
§ The synthesis of the thymine ana protected cytosine Bonomer 
is outlined in Figure IS end tsx&mpl&s 49 through §4. 
Hybridisation experiments with a Ptm~oligoater containing on© 
unit is described in Examples 61 and 81, which ©bows a 
significant, levering of affinity but a retention of 
10 specif icity, 
General Bemarhs 

The following abbreviations are used in the 
experimental examples: DMF, 8,H~dimethyif oraaaude? DCC, N,8f- 
dieyelohexyl earbodiimide; DCS, S^H~dicyclohexyl urea? *HF, 
XS tatrahydrofuran? aag, M-aeetyl (2 ? ~aminoethyl> glycine? pt$, 
pentafiuorophenyl? Sac, tert-toutoxycarbonyl ; Z t benssyloxy- 
carbonyl? HHR, nuclear magnetic resonance? *, singlet? & f 
doublet.? do, doublet of doublets? t; triplet? q, quartet? m, 
multiplet? to, broad? $ t chemical shift? 
20 HMR spectra were recorded on either a JEOI* FX BQQ 

250 m& with tetramethylsilane as 
spectrometry was performed on a 
Mass&ab vs 12-250 quadropole instrument f itted with a V» FAB 
source and probe. Melting points were recorded on Buchi 
25 melting point apparatus and are uncorrected. »,N- 
l5irsethylformami.de was dried over 4 I molecular sieves* 
distilled and stored over 4 I molecular sieves. Pyridine 
(KPLC quality) was dried and stored over 4 i molecular sieves. 
Other solvents used were either the highest, quality obtainable 
30 or were distilled before use. Dioxane was passed through 
basic alumina prior to use. Bocanhydrida., 4-nitrophanoi, 
methyl bromoacetate, benzyioxyoarbonyl chloride, 
pentaf iuorophenol were all obtained through Al&ricfc Chemical 
Company, Thymine, eytosine, adenine were all obtained through 
3S Sigma. 

Shin layer chromatography (Tic) was performed using the 
following solvent systems j (1) chloroform stri ethyl 
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amimu methanol, 7;1;2? {%} methylene chloride? methanol t 9*1* 
{3} chloroform i methanol: acetic acid SjS.XOsS. Spots were 
visualised by «V (254 ira) or/and spraying with a ninhydrin 
solution {3 g ninhydrin in XOGO mX l-feutanol and 30 mi acetic 
5 acid) f after heating at 120*C for 5 ain ana, after spraying, 
beating again. 



tert-smtyX 4~ndfcropha:BtyX eaarboxtat* 

XO Sodium carbonate (29.14 g? 0,275 moi) and 4~nitrophenol 

(12.75 gj 91,6 aaaol) were mixed with dioxafie (250 mi). Boc~ 
anhydride (20. o g? 91.6 samel) was transferred to the mixture 
with dioxane (50 ml). The mixture was ref lusted' for 1 h, 
cooled to o*c, filtered and concentrated to 1/3 , and then 

XS poured into water (3 SO ml) at 0*c, After stirring for 1/2 L» 
the product was collected by filtration, washed with water, 
and then dried over sicapent, in v&euo. yield a 1.3 g (97%) . 
M,p, (Htt, ?8.5-79,S*C) „ Anal, for C 1t B ts N0 s 

found(calc) Cs 55,20(55,23} Hs 5,SX{5.48) 8s 5.82(5.85). 

20 

f ~boo~2 * ~a»iaeethyX) glycine (2) 

The title compound was prepared by a modification of 
the procedure by Beiaar, et al. 1st, J". pept. f ifS4, 33, 203- 

25 211 N~ ( 2-Aminoetbyl) glycine (X, 3.00 g; 25.4 maoi) was 
dissolved in water (50 sal) , dioxane (§0 ml) was added, and the 
pH vm adjusted to X1.2 with 2 H sodium hydroxide. tert- 
Butyi~*4-~nitrophenyi carbonate (7.29 g? 30.5 jssaol) was 
dissolved in dioxame (40 ml) and added dropwise over a period 

30 of 2 h t during which time the pE was maintained at 11, a with 
* 2 W sodium hydroxide. The pH was adjusted periodically to 

11.2 for -three more hours and then the solution was left 
overnight. The solution was cooled to 0*C and the pH was 
carefully adjusted to 3.5 with 0-5 M hydrochloric acid, The 

35 aqueous solution was washed with chloroform (3 x 200 ml) , the 
pH adjusted to 9*5 with 2M sodium hydroxide and the solution 
was evaporated to dryness, .in vacuo (14 maBg) , The residue 



«44~ 

was extracted with JMF (25*2x1® ml) and the extracts filtered 
to remove excess salt* This results in a solution of the 
title compound in about m% yield ana greater than 0S% purity 
toy tic (system l and visualised, with. xdxtos&ln, Bf*0.3) . .«» 
S solution was used in the following" preparations of Boe-aeg 
darivates without, further purification. 



H~l»cartoo;^eihyXthym.ine <*) 

10 This" procedure is different fros* the literature 

synthesis, tout is easier, gives higher yields, and leaves no 
unreached thymine in the product* To a suspension of thymine 
(3, 40.0 g; 0,31? mol) and potassium carbonate (S7~? g; 0,634 
mmol) in DMf {900 ml} was added methyl toromoacatats (30,00 ml; 

IS 0,317 mol). The mixture was stirred vigorously overnight 
under nitrogen, $be mlxors was filtered and evaporated to 
dryness, in vacuo. The solid residue was treated with water 
(300 sal) and 4 N hydrochloric acid (12 ml) , stirred for IS min 
at Q.+C, filtered, and washed with water (2 x 78. ml) ,. The 

20 precipitate was treated with water (120 ml) and 2N sodium 
hydroxide (m ml) , and was boiled for 10 admit©*. The mixture 
was cooled to 0*C, filtered, and the pure title compound was 
precipitated by the addition of 4 H hydrochloric acid. (70 ml) . 
Yield after drying, in vacuo over sicapent: 37*1 g (64%) « ! H-~ 

25 m&A (00 MHz; DHSO»d s ): 11.33 ppm <8,lH,MH)f 
7 " , 49 (d, J-0 . 92Hz f 1H, hrH) f 4,38 (s.2H,€^)| 1.76 (d, J-0 . 92HS5 , $~ 

30 H-l-Carhoxyaethylthymlae peufcafluorophenyl eeter (SJ 

K-l-Cartooxymethylthymin® (4, 10, 0g? S4«3 ssaol) and 
pentafiuorcphenol (10,0 g? 54,3 mmal) were dissolved in DKF 
(100 ml) and cooled to 5° C in ice water, »CC (13,45 g? 65.2 
mmol) then was added* «en the temperature passed below S*C, 

35 the ice toath was removed and the mixture was stirred for 3 h 
at ambient temperature. The precipitated DCU was removed by 
filtration and washed twice with DMf (2 x 10 ml). The 
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-4S~ 

combined filtrate was poured into otter (1400 al) and cooled 
to 0*C, Petroleum ether (140© wl) was added ana the mixture 
was left overnight. The title oosspound was isolated by 
filtration and was washed thoroughly with petroleum ether* 
5 fields 14 « 8 g(78%) , fhe product was" pure enough to carry out 
the next reaction, but an .-analytical sample was obtained by 
recry s ta 1 .11 sat ion from 2~propanol, M.p. 200, 5.-206 *C anal, for 
C 13 K ? F s N 8 0 4 , Found <oale*} Cs 44*79(44.59) ? H? 2, 14 (2. OX) Mi 
8.13(8,00) . FAB-MS i 443 (M+l+glycerol) , 351 (m-X) , 1 H-NMR (SO 
10 MHg; DMSO^) : 11x52 ppxs (e f XH,ltg}? 7,64 (S, lH f ArH) ; 4, §9 
(a f 2H,CH 2 ); 1.76 (s,3H f CH 3 ), 



l~CBoc~aeg} thymine IS) 

13 To the DMF-seiatioo from above was added triethyl amino 

i7*m ml; 50.8 aaaol) followed by N~I^arboxy»ethylthy»in* 
peutafluorophenyl ester < : 5, 4.45 g? 12.7 aonol) . The resultant 
solution was stirred for 1 h. The solution Was cooled to 0*C 
and treated with cation exchange material ("Dowen SOW JM«% 

20 40 g) for 20 sain, The cation exchange material was removed 
by f iltration, washed with dichloromathane (2 x IS ml) , and 
dichloromethane (ISO ml) was added. The resulting solution 
was washed with saturated sodium chloride, dried over 
magnesium sulfate, and evaporated to dryness, in vacvo, first 

2S by a water aspirator and then by an oil pump. The residue was 
shaken with water (SO ml) and evaporated to dryness. This 
procedure was repeated once. The residua then was dissolved 
in methanol (75 ml) and poured into ether (600 ml) and 
petroleum ether (1.4 I») ♦ After stirring overnight, the white 

30 solid was isolated by filtration and was washed with petroleum, 
ether. Drying over sieapent, in vacuo, gave 3,50 g (71.7%). 
M.p. 142~14T*e, anal, for €< 6 %N 4 O r < Pound <calc. } Cs 
49.59(50,00} H? 6„34{S.29) Ns 14,58(14.58), 1 H~KME (250 ME, 
DHSO«d 6 )s Due to the limited rotation around the secondary 

3S amide bond several of the signals were doubled in the ratio 
2 :i, (indicated in the list by mj. for major and mi, for 
minor) , 12.73 ppm <b,lH, -Op) ; 11.27 ppm (s, m j . f imide) ; 
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(s, ad., imide); 7,30 ppm (s, mj. f ArB) ; 7,26 ppm 
AxKJ; £.B2 ppm (unres. t f m j * , BocHH) ? 6*73 ppm 
t; ai. r BOCHH}? 4.64 ppis (a, mj»* T-CJHg-CO-) ; 4.47 ppm 

, t~ch 2 ~co~) i 4.13 pm mw^m$m z mi 3,97 ppm 

, CONRC« 2 C0 2 K> ; 3..-4I-a..SS ppm (mures, ~CH 2 C%" and 
); 1.75 ppm <s,3H, T~C%>? 1,38 ppm [S f 9H, t-Bu) . %* 
170,68 ppm (CO)? 170.34 (CO)} 167.4? (CO) | 167.08 (CO) J 
164.29 (CO) | 150.9 £C$"}j 141.52 .J 108.04 fCST') | 7735 

and 77. 68 {Thy-eifgCO} ; 48.96, 47,45 and 46.70 C""SHg£%-" 
10 IKSfeCO^)? 3738 (Thy-CH 3 ) ; <t-*Bu) . F&BHKS ; 407 (M+Ka*J ? 

305 fM*H 




IS i~{Boe~aeg) thymine {6} (2.00 g? §.20 wml) w 

dissolved in BW (5 ml) and methylene chloride (15 ml) was 
added. pentafXuorophenol (1.05 5.72 »ol) to added and 
the solution was cooled to 0*0 in an ice bath. HOC then was 
added (1*23 g? 6.24 mrnol) and the ice bath was removed after 

20 2 min. After 3 h with stirring at ambient temperature, the 
precipitated BOS was removed by filtration and washed with 
methylene chloride. The combined filtrate was washed twice 
with aqueous sodium hydrogen carbonate and once with saturated 
sodium chloride, dried over magnesium sulfate, and evaporated 

25 to dryness, in vacuo. The solid residue was dissolved in 
dioxane {ISO ml) and poured into water (200 ml) at 0«C» 5?he 
title compound was isolated by filtration, washed with water, 
and dried over sicapent, in vacuo. Yield? 2 30 g (77%), to 
analytical sample was obtained by recxystallisation from 2~ 

30 propsnol. M.p. 174-175.5*0. Analysis for € s I%H 4 0 ? Fg , found{~ 
calc,)5 Ci 48.22(48,01); Hs 4.64(4,21}| »: 9,67(10,13), 
WSR (250 MHs* €DC1 3 ) ? Due to the limited rotation around the 
secondary amide bond several of the signals were doubled in 
the ratio 6?1 { indicated in the list by mj, for major and mi, 

35 for minor), 7,01 ppa <s, mi,, ArH} ; 6.39 ppm {», mj.., ArH); 
5.2? ppm (tmres. t, BoeSH) $ 4.67 ppm (8, T-CE ? »CO-) ? 4.60 

ppm {», mi . t f-CHg-CO-) ? 4.45 ppm (S, mj. , CONRCffeCOgPtp) ? 4 .42 
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W» <S, mi*, CQMRSH^OgPfp} j 3*S4 ppm (t,2H,BOCNHCH 2 q^5--J j 3,8? 
post { w g«,aH,BocHHCS £ CHg-}? l,44(s,9B,t-Bu) . PAB-MSs 551 (10; 
H+l); 495 <10; H+l-tBu)js 451 (-80; -Bee) , 



H*-Bwwsyl<Mty«arI»o»yX cytokine .{*■> 

Over a period of about l bengyloxycarbonyl chloride 
<S2 ml; 0.36 mol| was added aropwis© to a suspension of 
eytosine {s, 20.0 g;0.lS saol) in dry pyridine {1000 ml) at o»c 

10 tinder nitrogen in oven-dried equipment. The solution then was 
stirred overnight, after which the pyridine suspension was 
evaporated to dryness, in vacuo, Water (200 ml) and 4 w 
hydrochloric acid were added to reach pH -i, The resulting 
whits precipitate was filtered off, washed with water and 

15 partially dried by air suction, The still-wet precipitate was 
boiled with absolute ethanoi (S00 ml) for 10 min> cooled to 
0*0, filtered, washed thoroughly with ether, and dried, in 
vacuo* 1'ield 24,7 g (S4%). K.p.>2S0*C. Anal, for C 12 H 1t l%Q r 
Pound(calC); CS 58.59(58.77) / H: 4.55(4.52); %t 17. 17 (17*13) . 

20 So HMR spectra were recorded since it was not possible to get 



^-Beusjloxycarbonyl^-oar&ssjymothyl cytokine (xo) 
25 In a three neched round bottomed flask equipped with 

mechanical stirring and nitrogen coverage was placed jaathyl 
feromacetate (7. 02 ml;82.S aaol) and a suspension of 
bensyloxycarfoonyl-cytosine (9, 21.0 g;82 . S mrnol) and potassium 
carbonate (11.4 g?82.S mmol) in dry DM? (900 ml) . The 
30 fixture was stirred vigorously overnight, filtered, and 
evaporated to dryness, in vacuo . Water (300 ml) and 4 N 
hydrochloric acid (10 ml) were added, the mixture was stirred 
for 15 minutes at 0®e, filtered, and washed with water (2 x 
75 »1) , The isolated precipitate was treated with water (120 
35 ml), 2M sodium hydroxide {60 ml), stirred for 3D sain, 
filtered, cooled to 0®€ # and 4 M hydrochloric acid (35 mi) was 
added* The title compound was isolated by filtration, washed 
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thoroughly with water, reerystallised from methanol {1000 ml) 
and washed thoroughly with ether, This afforded ?.?0g (31%) 
of pure compound, The mother liguor from the recrystal- 
lisation was reduced to a volume of 200 ml and cooled to 0*0. 
5 This afforded an additional 2.30 g of a material that was pure 
by tlo but had a reddish color* K-p. 2S6~274 i3 C. Anal, for 
e 14 H. B %O g » Found {c-ale.}? Cs 55.41(55.45}? Hi 4.23(4,32); Hi 
14-04(13.86). t H-*KHR <90 MiZ ; OMSO-d^} i 8.02 ppm 
(d,J«7»32fia,lH,H-€) ? 7.39 (S,5H,¥tl} j 7. 01 {d,CF«7.32H»,113,H-5) ? 
10 5.19 (S^H.PhCJIg-} ? 4.S2 (s,2H) . 



XX%HS>XiB 9 

fXt«ar«plMmyl osier {11} 

IS M 4 ~Bo^£yloxycarbonyX^' 3 --oarboxyiaethyl-cytosine (10 , 

4.00 g; 13.2 wnol) and pentafluorophenoi (2,67 g; M.S.wl} 
were mixed with DMF (70 ml) , coaled to 0»e with ice-water, and 
DCC (3.2? g; 15,8 smol) was added, The ice bath was removed 
after 3 »ia and the mixtnre was -a tiered for 3 h at room 

20 temperature, The precipitated DO? was removed by f iltration, 
washed with DKF, and the filtrate was evaporated to dryness, 
in vacuo (0.2 mmHg) . The solid residue was treated with 
methylene chloride (250 sal} , stirred vigorously for IS Bin, 
filtered, washed twice with, diluted sodiuat hydrogen carbonate 

25 and once with saturated sodium chloride, dried over magnesium 
sulfate, and evaporated to dryness,, in vacuo. The solid 
residue was recxystalliaed from 2-prepanol (ISO ml) and the 
crystals were washed thoroughly with ether. yield 3.40 g 
(55%). H.p. 24l-24«5«C. Anal, for C 28 H 12 N 5 F s O s . Found (caXc. ) ? 

30 CS 51.36(51.18); Hi 2.77(2.58}? Hi 9.24 (8.95) Jh-NMR {90 MKa| 
CDC1 3 )J 7.66 ppm (a,J«7«63H»,lH,H-6); 7,37 <s,5H,Ph); 7*31 
td,J-?.63Hs,lH,H~5)? 5.21 (s,2H,Phq^-) ? 4 . 97 (s f 2H, MCR r ) . 
FAB-MS: 470 (M*l} 
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*?*»S«a«y losryoarfeany l«x«Boe-»aeg«<« ytoain® 1 12 1 

To a solution- of fH~Boc^2~aa±noathvl} glycine (2) in 
mm, prepared as described was added trie toy! amine 

5 (7*00 ml? SO. 8 mmol} and ~ H 4 -ben*yloxycarbonyl-.K-- 
carboxyxBethyl ~ey t osi ne pentaf luorephenyl aster (XI, 2,70 g? 
S.7S saaol) , After stirring th« solution for l h at room 
tes&per attire, aetkylene chloride (150 ml) , saturated sodium 
chloride (250 ml), and 4 n hydrochloric acid to pH ~1 vera 

10 added. The* organic layer was separated and washed twice with 
saturated sodium chloride, dried over magnesium sulfate, and 
evaporated to dryness, in vacuo, first with a water aspirator 
and then with an oil pump. The oily residue was treated with 
water (25 mi} and was again evaporated to dryness,, in vacuo, 

15 This procedure then was repeated. The oily residue (2,80 g) 
was then dissolved in methylene chloride (100 ml), petroleum 
ether (250 ml) was added, and the mixture was stirred 
overnight. The title compound was isolated by filtration and 
washed with petroleum ether. Tic (system 1} indicated 

20 substantial quantities of pentaf luorophsnoi , but no attempt 
was isade to remove it. Yield; $.7.2 g (59%). Hip, 
lS6*C(daco»p.}. VkMS (250 mz, CDCXj) t Sua to the limited 
rotation around the secondary amide bond several of the 
signals were doubled in the ratio 2 % 1 , < indicated in the list 

M by arj. for major and mi. for minor). 7*88 ppm (dd f 1H,H~6) 
7,39 (m # SH , Ph) ? ? . 00 (dd , IE, H-5 ) ? 6,92 (fo , 1.H , BocNg) ; 6,74 
(b,lH,2«5J)-?; 5.1S (s,2H r Ph-QJj)j 4.81 ppm (& f ffi j , , Cyt-CH 2 - 
C©~)? 4.62 ppm {*, mi,, Cyt~C%~C0~) | 4.23 (s, mi. , 
COSRCHgCDgB) ; 3.S8ppm (s, » j . , COKRCggCO^H) $ 3,42-3, 02 (unres. 

30 js, -CHjCHa- and water) ;1. 37 <s,9H,tBu) . FAB-MS 5 504 (K+l) f 448 
(K+l-tBu) , ' 
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dissolved in DMF (10 ml ) Methylene chloria« (10 ml) was added, 
-the reaction sixtur*. was cooled to 0*C in an ice bath, and SCC 
(€7€ mg? 3.28 mmol) was added, The ice bath was removed after 
3 min and the mixture was stirred for 3 h at ambient 
S temperature. The precipitate was isolated fey f iltration and 
washed once with methylene chloride.. The precipitate was 
dissolved in boiling dioxane (ISO mi) and the solution was 
cooled to 15 C C, whereby DC0 precipitated* The ocu was removed 
by filtration and the resulting filtrate was poured into water 

10 (250 ml) at 0*C. The title compound was isolated by 
filtration, was washed with water, and dried over sieapent, 
in vacuo. Yield x,30 g (65%) . Analysis for «^^ S 0 8 F 5 , 
PoundCcalc.) ; C; 52,63(52*02)? Hs 4*41(4.22) ; Wi 10.55(10,46), 
^H-HHR (250 mz; DMS0~d 6 ) $ showed essentially the spectrum of 

is the above acid, most probably due to hydrolysis of the ester. 
FAB-HS i 670 (H-fl) « 6X4 {8+1-tatt} 




20 4~earboxyacridene ( 6 , 25 26, 1 anal } , thlonyl chloride 

(25 ml) , and 4 drops af DSF were heated gently under a flow 
of nitrogen until all solid material had dissolved. The 
solution then was refluxed for 40 min. The solution was 
cooled and excess thlonyl chloride was removed in vacuo. The 

25 last traces of thlonyl chloride were removed by ©©evaporation 
with dry benzene, {dried over NaHPfo) twice. The remaining 
yellow powder was used directly in the next reaction. 

3 0 4 - CS-Methoxyoarbonylpentylamidocarhoayl) HJ-eaioreacxidiaa 

Methyl 6-aminohexanoate hydrochloride (4*70 g? 25*9 
mmol} was dissolved in methylene chloride (90 ml), cooled to 
0*C, triethyl amine (IS ml) was added, and the resulting 
solution then was immediately added to the acid chloride from 

35 above* The ronn&bottomed flask eontainingthe acid chloride 
was cooled to 0*C in an ice bath. The mixture was stirred 
vigorously for 30 min at 0*C and 3 h at room temperature. The 
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resulting mixture was filtered to remove the regaining solids, 
which ware washed with methylene chloride (20 ml) * The red- 
brown methylene ehioride filtrate was subsequently washed 
twice with saturated sodium hydrogen carbonate, once with 
S saturated sodium chloride,, dried over magnesium sulfate, and 
evaporated to dryness, in vacua, To the resulting oily 
substance was added dry bensena (35 ml) and iigroin (6Q~80*C f 
dried ever Ma~*pb) * The mixture was heated to reflux. 
Activated carbon and celita were added and mixture was 
10 rsfiuxed for 3 aiti, After filtration, the title compound 
crystallised upon cooling with magnetic stirring. It was 
isolated by filtration and washed: with petroleum ether. The 
product was stored over solid potassiuat hydroxide, ' yield 3,0 
g (50%) . 

15 

aitre3»«&sa»i&o) hexylamiuoj ~amiaoaori®iiia 

4 - { s - » e t h © ■ x y c a r h © n y 1 p e n t y I a is i d o c a r b o n y X ) ™ i ■ - 

2:0 ehlereacridine (1*30 g? 3.38 mmoi) and phenol (s g) were 
heated to 80*c for 30 min under a flow of nitrogen, after 
which 6~ {4 ' «nltrobenKamido) ~l~hexylamine (837 mg; 3,38 mmoi) 
was added. The temperature raised to 120»C for 2 h. The 
reaction mixture was cooled and methylene chloride (80 ml) was 

3S added . The resulting solution was washed three times with 2N 
sodium hydroxide (60 ml portions) and once with water, dried 
over magnesium sulfate, and evaporated to dryness ? in vacuo. 
The resulting red oil (l.a g) was dissolved in methylene 
chloride (40 ml), cooled to o*c. Bther (120 al) was added and 

30 the resultant solution was stirred overnight. This results 
in a mixture of solid material and an oil. The solid was 
isolated toy filtration. The solid and the oil. were re- 
dissolved in methylene chloride {80 ml) and added dropwise to 
cold ether (ISO ml) , After 20 minutes of stirring, the title 

35 compound was isolated by filtration in the form of orange 
crystals. The product was washed with ether and dried in 



vacuo over potassium hydroadde. TmM 1,60 g (77%). M*p. 



nitrefeamsamido ) Um$&w&imi -aminoaeridine 

4 - < S-Methoxycarfeonylpfimtyl) amid oear bony 1—3 - [6'-(4"- 
nitrobanzamido) hexy .1 amino] aainoacriaine (503 mg? 0*83 mmol) 
was dissolve in W (30 ml), and 2 8 sodium hydroxide {30 ml) 

10 was added, After stirring for IS min, 2 Sf hydrochloric acid 
(35 ml) and water (§0 ml) were added at 0*C, After stirring 
for 30 Bin, the solution was decanted, leaving an oily 
substance which was dissolved in boiling methanol (ISO ml), 
filtered and concentrated to 1/3 volume. To the methanol 

15 solution were added ether (135 sal) and S-6 drops of EC! in 
ethanol. The solution was decanted after 1 h of stirring at 
0«C, The oily substance was radissolved in methanol (35 ml) 
and precipitated with ether (ISO ml) . The title compound was 
isolated as yellow crystals after stirring overnight. Yield 

20 417 mg (80%). H.p. 173«C (decomp,)* 



(a) 4- ( 5-p«ataf Inorophenyloxy car bony Ipentyl) - 
amidooarhonvl-f - j « ' - ( 4 " *»itr«l>en«amido) * 

25 ae^laminoj -amineaeridina { Aer'op* p) 

The aoid from above (300 mg? 0*480 mol) was dissolved 
in 0HF (2 ml) and methylene chloride (8 ad) was added, 
Pentafinorophencl (97 mg? 0.53 anal}, transferred with 2x3 
mi of the methylene chloride., was added. The resulting 

30 solution was cooled to re after which DCC (124 mg? 0.60 mmol} 
was subsequently added. The ice bath was removed after 5 
minutes and the fixture was left with stirring overnight . The 
precipitated DCS was removed by centrifugation and the 
oantr if agate was evaporated to dryness, in vacuo, first by a 

35 water aspirator and then by an oil pump. The residue was 
dissolved in methylene chloride {20 ml) , filtered, and evapo- 
rated to dryness, in vacuo. The residue was again dissolved 



wommirn 



-53- 

in methylene chloride and potrol^m ether (ISO Ml), A 1 ml 
portion of 5K BCl in etter w«s addod, The advent was re»»v*a 
by deoanting after 3$ nln of stirring »t O'C. The residual 
oily substanc* was dieaoived in methylene ohiorid* <100 ml) * 
5 3MaroX«t*» *tfe«r CiSO ml) waa *«3dted and the »ixfc»r« was loft 
with stirring overnight. The next day the yellow precipitate 
crystalline material mm isolated &y filtration and was vashad 
with copious amounts of potroleum ether* UaM, after drying, 
300 ag ?7**)« K-p. (decoap.) All samples shoved 

xo satisfactory elemental analysis, J H» and "c-HMR atsd mass 
spectra, 

(bi ttRpwrMMmiftX £«r tfc« sy&thesis or ?K& co&£»<niad9* 
of. figure « 

Materials* 8©s~i## <ciz) t banshyaryi&mins^eepdiy* 
t«tyrw»«-X%-dtvinylb«naea6) resift (be& raain) , and p~ 
m^thylbenghydrFlsmim^poly (« tyte^~it-divi^ylfe©iiE^|r«ssiis 
(KBK& rasin} were purchased from tekfflia Laboratories. 
Cthsr reagents and solvents were* Biegrade trifiuoroacttic 
acid frojs Kaloeaxfeon Products? diisopropyl«thyi«min« («9%.r was 

SO not further distilled) and K«ac*tyli»idaaola (98%) from 
&ldrioh? B x ® was distilled twice? anhydrous HP from tfiuon 
Carbide,' synthesis gxwi« »»K-di«etfeyl£orwaaid« and analytical 
grade &©thyl«»ne chloride {was not tether distilled) from 
Harefe? hplc grade acefeohltrile txom J&b~8oan? pur urn frM© 

26 astl i s l e , M „ N * - d i e y e 1 o h e x y 1 e a r b a d i i a 1 6 « , 
diisopropylcarfeodiimid*, #uri«»« grade 5,2, 2~tr4«Xuorc«tfca»eX 
from mtaca and trifluoromathanesolfonio acid from flbiawflU 
(b) 8®»«».l Methods and memarls 

Except whore otherwise, stated, the following applies* 
30 fh« MA compound* were ey»th©»ised by the stepwise solid-phase 
approach <K«rrifi«ld» J'. £&a?s. Sec., i»«3, SS ? a*4$} 

employing conventional peptide chemistry utilising the TFA-- 
labile t«jrt-butyio3syc»rbonyl (Boa) group for ♦'temporary" N- 
protecttion {Merrifiaid r J 1 * A». Cb*»« , l»64, a*, 304) and 
the more aoid-stabXe feeiHtylossycarbonyl 12-} and 2™ 
chlorohensyloxycarbonyl groups for * ! psrmanent* ! side 

chain protection, 3te obtain oterainaX amides, the PKAa were 
assembled onto the PF-labiio bh% or MBHA reslis^ (the mbha 
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resin teas increased susceptibility to the final HP cleavage 
relative to the unsubstitutad BHA resin (Matsuada, et al., 
Peptides, isSi, 5, 45), All reactions .(except HF reactions} 
were, carried out in manually operated standard solid-phase 
5 reaction vessels fitted with a coarse glass frit (Herrifield, 
et «!., Biochemistry, %%&2 f 21, §010), The quantitative 
ninhydrin reaction (Reiser test), originally developed by 
Herri field and coworkers (Sarin, et a!., Anal. BiochajR., 
1983., 117, 14?) for peptides containing "normal" amino acids, 

ID was successfully apppiied {see Table I - III) using the 
"normally* employed effective extinction coefficient e ~ 15000 
M^eaT 1 for all residues to determine the completeness of the 
individual couplings as veil as to measure the number of 
growing peptide chains, The theoretical substitution 

IS S n . t upon coupling of residue number n (assuming both complete 
deproteef ion and coupling as well as neither chain termination 
nor less of P» chains during the synthetic cycle) is 
calculated from the equation: 

Sj, S^t X (1 + £^1 X mi X lO" 2 TOQl/BOl) ) *' 

20 where MM is the gain in molecular weight ~ g/mol) and 

S^- is the theoretical substitution upon coupling of the 
preceding residue n~i C(S] - mmol/g) . The estimated value (%) 
on the extent of an individual coupling is calculated relative 
to the measure* substitution (unless s was not determined) and 

25 include correction for the number of remaining free amino 
groups following the previous cycle. HF reactions were 
carried out in a Diaflon HF apparatus from Ton© Kasei (Osaka, 
Japan), vydac c is (5 pfi, 0,46 >c 25 cm apa S fm t hfl x 25 cm) 
reverse-phase columns, respectively were used for analytical 

30 and semi-preparative hplc on an SP8000 instrument. Buffer A 
was 5 vol % acetonitrile in water containing 44 S #1 
trifluoroacetic acid per liter, and buffer B was 60 vol % 
acetonitrile in water containing 390 pi trif luoroacetic acid 
per liter, The linear gradient was 0-100% of buffer B in 30 

35 mln, flow rates 1.2 ml/min {analytical} and 5 ml/min {semi- 
preparative) ♦ The elnents were monitored at 215 nm 
(analytical) and 230 nm (semi-preparative) „ Molecular weights 
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of the PM&s ware determined by m Ct plasma desorption time~of~ 
f light mass spectrometry from the mean of the most abundant 
isotopes, 

solia«*hasa synthesis of atcr 1 - £Taeg ] 1jr J§fH 2 and Shorter 
Derivatives 

(a) Stepwise &ssemfel2< of Boc-JTaagJ^EKa meslm 

Use synthesis was initiated on icso mg of preswollen and 

10 neutralized" BHA resin (determined .by the quantitative 
ninhydrin reaction to contain 0.57 smol KH ; >/g) employing 
single couplings {"Synthetic Protocol l«) using 3. a 
equivalents of BocTaeg-GPfp in about 33% DMF/cfifjCV The 
individual coupling reactions were carried out toy shaking for 

IS at least 12 h in a manually operated 6 ml standard solid-phase 
reaction vessel and unreacted amino groups were blodcad by 
acety lafion at selected stages of the synthesis. The progress 
of chain elongation was monitored at several stages toy the 
quantitative ninhydrin reaction (see Table I) . Portions of 

SO protected Boe<~ [ Taeg 3 S ~BH& f Boc~- [Taeg] tS ~BHA* and Boc-[Taeg3 tt - 
BHA resins were taken out after assembling 5, 10, and IS 
residues,- respectively. 
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(b) synthesis of Aer'-CTaegj^-BHA Resin 



Following deprotaction of the residual Boc~ITaegJ* 5 -'BH& 
resin (estimated dry weight, is about 30 jag* -0.002 smol 
growing chains) , the .H~[Taeg} 1s ~BH& resin was reacted with 

2S about SO equivalents (SO mg? 0»X1 waol) of Acr^-OPfp in 1 ml 
of about 66% DHF/CH 2 C1 2 a 0.2X K solution of tbe 

pentafl.uorophe-syiestsr) in a 3 ml soiid~phase reaction vessel. 
hs judqed by a qualitative ninhydrin reaction , coupling of the 
acr.idi.ne moiety was close to quantitative. 

30 (©} cleavage* Pnrif is&tiosu and Xdestif ication of H» 

ITaegJjf-SHj, 

A portion of protected Boo™ | Taeg ) 5 ~BKA resin was 
treated with 50% trifluoroacetic acid in ethylene chloride 
to remove the ^terminal Boc group {which is a precursor of 
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the potentially hair&£ul te^S-butyl cation) prior to the HF 
cleavage. Following neutrmitat ion ana wasMng (performed in 
a way similar to of steps 2-4 in ^Synthetic Protocol 

l")r -drying for 2 h lis vactma, the restating €7.1 mg (dry 
5 weight) of H~[Taeg] 5 ~SH& resin was cleaved with 5 ml of 
:BF;anisoie (SM, v/v) stirring at 0 e C for SO min. . After 
removal of HF, the residue was stirred with dry diethyl ether 
(4 x 15 ml, 15 min each) to remove anisois, filtered under 
gravity through a fritted glass funnel, and dried. The 

10 was then extracted into a 60 ml (4 x 15 ml, stirring 15 min 
each) 10% aguaous acetic acid solution. Aliguots of this 
solution were analysed by analytical reverse-phase HPLC to 
establish the parity of the crude pna. The min peak at 13.0 
min accounted for about 33% of the total absorbanee. The 

IS remaining solution was frosen and lyophilized to afford about 
22.9 -sag of crude material. Finally, mg of the crude 

product was purified from five batches, each containing 1.8 
mg in 1 ml of MgO, The main peak was collected toy us® of a 
semi-preparative reverse-phase column. Acetonitrlla was 

2Q removed on a spaed vac and the residual solution was frozen 
(dry ice) and subsequently lyophillsad to give 13 « 1 mg of >m% 
pure H-CTaegl^HSj, The PNA molecule readily dissolved in 
water and had the correct molecular weight based on mass 
spectral determination. For (mnf the calculated m/z value 

25 was 1349.3 and the measured a/a value was 1347-8. 

tm Cleavage, Purification^ and Identification of K- 

h portion of protected Boc~f TaegJ 15r BHa- resin was 
treated as described in section C^} to yield lx,o mg of crude 

30 material upon HP cleavage of 18.9 mg dry H~t$aeg} ie ~BK& resin. 
The main peak at 15.0 min accounted for about 53% of the total 
absorbanee. About 1 mg of the crude product was purified 
repeatedly (for reasons described below) to give approximately 
0.1 mg of at least so% but presumably >99% purs H-CTaagj ir HB 2 » 

35 h rather broad tail eiuting after the target peak and 
accounting for about 20% of the total absorbance could not be 
removed (only slightly reduced) upon the repeated 
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purification, Judged by the laass spectrum, which only 
confirms the presence of the correct molecular weight H~> 
[Taeg] tr m-% ? the tail phenomenon is ascribed to more or less 
well-defined aggragational /conformations 1 states of the target 
5 molaeal®. Therefore., the crude product, is likely to contain 
more than the a3xn?e~mefttioned 53% of the target molecule H- 
[Taeg3„-KHj is readily dissolved in water* For (H+H)* the 
calculated a/* value was 2879.6 and the measured m/z value was 
2681*5* 

10 m ' Slaavaf »« wattt ieation, asd Xdeafcif ieation of H- 

^&eg3 1s ~K8 2 * 

A portion of protected Boc~£Taag:i 1s ~EH& resin was 
treated as described in section (c) to yield 3.2 mg of crnda 
material upon EW cleavage of 13*9 mg dry H-[Taeg] 15 ~BliA resin. 

15 The main peak at 22.6 min was located in a broad bulge 
accounting for about 60% of tha total absorbanca {Fig* 12a) « 
Again (sea the preceding section) , this bulge is ascribed to 
aggregationai/conformationaX states of the target molecule H~ 
CTaegj^-HHa since mass spectral analysis of the collected 

20 "bulge** did not significantly reveal the presence of other 
molecules* All of the crude product was purified collecting 
the *«bulge ! » to give approximately 2*0 sag material* For fH«a|* 
the calculated m/$s value was 4033*9 and the measured m/ss value 
was 4032.9, 

as m Cleavage, l^arifioatiosx* and identification of 

A portion of protected Aer HTasg^^-BBA resin was 
treated ass described in section (fa) to yield 14*3 mg of crude 
material upon HF cleavage of 29*7 mg dry Aer^rTaegJ^-BHA 

30 resin* Taken together, the main peak at 23*7 min and a 
«dimer* ! (see below) at 29,2 min accounted for ateout 40% of, the 
total ahsorbance (Fig- 3.2b) * The crude product was purified 
repeatedly to give approximately 1 ssg of presumably >99% pure 
M^~iT&mhf-®%2 "contaminated 18 with self -aggregated « 

3S eiuting at 27*4 min, 29.2 mim, and finally as a 

bulge eiuting with 100% buffer 3 (Fig. 12c) * This 
interpretation is in agreement with the observation that those 



peaks grow upon standing (for hours) in aqseous acetic acid 
solution, and finally precipitate out quantitatively-. For 
(K+H)* the calculated m/z value was 4S§3*S and the measured 
m/z value was 4588,7. 
S Cg) synthetic Frotoooi % 

(1) Boc~depr otect ion with SPFA/CHjClj, (lii, v/v}., 3 ml* 
3 x 1 mia and 1 x 10 ada? (2) washing with CH 2 ei 2 , 3 ml f 6 je 
1 min? (3) neutralisation with BX£A/CH 2 cl 2 {is 19, v/v) , 3 ml, 
3 ss 2 min; (4) washing with CH 2 €X g , 3 ml, S x 1 win, and drain 

10 for 1 min; (5) 2-5 sag sample of PHA-resin may be taken out and 
dried thoroughly for a quantitative ninhydrin analysis to 
determine the substitution? <S) addition of 3,2 aguiv. (8*18 
moi} 100 mg) BocTaeg-OPfp dissolved in 1 ml C%CX 3 followed 
by addition of o.s ml DHF (final concentration of 

IS pentafXuorophenylester ~o,i2 M) ? the coupling reaction was 
allowed to proceed for a total of 12-24 h shaking at room 
temperature? (7) washing with DMF, 3 sal* i x 2 ' mi®} (8) 
washing with m 2 ci z , 3 ml, 4xl mln? <9) neutralisation with 
DlSA/c%Ci 2 (is 19, v/v), 3 tl, 2 ac 2 min? {10} washing with 

20 eHjCl 2 , 3 ml, 6 x X min? (11) 2-5 mg sample of protected PM- 
resin is taken out for a rapid qualitative ninhydrin test and 
further 2-3 mg is dried thoroughly for a quantitative 
ninhydrin analysis to determine the extent of coupling (after 
cycles 7, 10, and IS unreached amino groups were blocked by 

25 aoetylation with M~acetyXimidaaol in Methylene chloride) , 
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Solid-Phase synthesis of 3uw^Ta^] n ^ys-KHj, and Shortar 
Bsrivatlvas 

30 ^ m St«rpwi8« Assembly of Boc»CTa«gl tr bys CC12J-BHa 

The synthesis was initiated by a quantitative loading 
(standard BC€ in situ coupling in neat CH 2 C1 2 ) of Boc-Lys(ciZ) 
onto 100 mg of preswollen and neutralised BHU resin {0*37 eso! 
35 NH a /g). Further extension of the protected FM. chain 
employed single couplings psynthetic Protocol 2") for cycles 
1 to 5 and cycles 10 to 15 using 3*2 equivalents of BocTaeg- 
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OPfp in about 33% 0MF/cH g €V Cycles S to 10 employed an 
extra, straight DCC (i.e., in sifca} coupling of tfae free acid 
SocTaeg-OH in afcout 33% SKF/O^Clg. All coupling reactions 
wore carried cut by shaking for at least 12 to in a manually 
5 operated 6 sal standard solid-phase reaction vessel. Ttoraaeted 
amino groups were blocked toy aeetyiatien at the nm*. stages 
of the synthesis, as was don© in Example 17. Portions of 
protected Boc~{Taeg} s ~Lys{Cl2;}~BH& and Boc-[Taeff3 w -Lys{C12) - 
EHA resins were taken out after assembling S and 10 FHA 

10 residues, respectively. As judged by the analytical HP1-C 
ehromatogram of the crude cleavage product from the Boe~ 
CUaeg3 10 -Lys(Cl2)-BB& resin (see section (a)}, an additional 
"free acid** coupling of Bn*A residues 5 to 10 gave no 
significant improvement of the synthetic yield as compared to 

IS the throughout single-coupled residues in Example 17. 

m synthesis of te^J»Kf»l|^X^(<SlK) HBH* Eesitt 
Following deprotection of a portion of Boc~fTasg] 10 ~ 
Lys(Cl£>~BEA resin estimated dry weight is about SO mg? 
~ 0.01 ismol growing chains) , the H~[^aeg] t5 HBim resin was 

20 reacted with about 3D. equivalents (141 ngr) 0.19 wool) of Acr 1 ~ 
OPfp in 1 ml of about «6% DMF/CE g Cl g in a 3 mi solid-phase 
reaction vessel. As judged by a qualitative ninhydrin 
reaction, coupling of the acridine moiety was close to 
quantitative . 

25 Co? ^yatheeis of Aor^CSfaeg^^ysieiS) »BRa .Basin 

Following deprotection of the residual Boe~t$aag3 1s - 
Lys(ClZ)HBHA resin (estimated dry weight about ?t> mg? - 0.005 
maol growing chains) , the H~CTaeg) ir Lys (C12;}~BBA resin was 
reacted with about 25 equivalents (§1 mt 0-12 wl) of Acr 1 ~ 

30 OPfp in 1 ml of about 66% DHF/C^Ci 2 in a 3 ml solid-phase 
reaction vessel. As judged by a qualitative ninhydrin 
reaction, coupling- of the acridine moiety was close to 
quantitative. 

Cd) Cleavage* Purification , and Identification of K- 

A portion of protected Boc- [Taegj s ~hys ( Ci $5} ~BHA resin 
was treated as described in Sample 17c to yield s.9 sag of 
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eruda material upon Hf cleavage of 19,0 mg dry H~[Taeg3 s ~- 
Lys(eiS}-~BHA resin* The main peak at 13,2 min (a luted at 14,2 
is .in if injected from an agueous solution instead of the .10% 
aqueous acetic acid solution) accounted for about 90% of the 
5 total, absorbanee, About 2*2 mg of the crude product was 
purified to give approximately 1.5 mg of 99% pore H-ia?a«g3 3 ~ 
Lys~t?H r 

<■«) ei»swg» # Purification, and Identification of H™ 

10 A portion of protected: 8oe~fTaeg] t0 ~Lys<elZ)~BHA resin 

was treated as described in Example %7a to yield 3U7 mg of 
crude material upon HF cleavage of ?.o mg dry SKTaeg3, 0 « 
Lys{C12)H8H& resin, Th« »ain peak at 15. % min (elutad at 17, 0 
min If inject ad from an aqueous solution instead of the 10% 

IS aqueous acetic acid solution) accounted for about 50% of the 
total absorbanee. About 1*2 mg of the crude product was 
purified to give approximately 0,2 mg of >S5t pure H~[Taeg3 10 ~ 
LyrtH r Figure 13a. For <M*H)* the calculated a/ a value was 
2807,8 and the measurad mfz value was 2808.2. 

20 if) Cleavage, turifieatien* and xdantif ieatioa of 

99,1 mg protected her 1 - { Taeg ] 10 ~Lys ( CI Z } resin (dry 
weight) was cleaved as described in Example 17c to yield 42,2 
mg of crude material, «£he main peak at 2S.3 ain (elutad at 

25 23.5 min if injected from an agueous solution instead of the 
10% agueous acetic acid solution) accounted for about 45% of 
the total ahsorfoance, An S.87 ssg portion of the ci'uda product 
was purified to give approximately 5.3 mg of >97% pure H~ 
CTaeg] 10 -Lys-HH 2 . For (M-i-H) * the calculated m/z value was 

30 2850. 8 and the measured n/z value was 2849.8, 

(g) cleavage and Furificatlen of Aor 1 *- |*?aegj ?s »&yeH8% 
A ?8,7 mg portion of protected Aor^lTaegj^-LysceiS} ~ 
SHA resin (dry weight) was cleaved as described in Example 1 
section (c) to yield 34,8 mg of crude material, The Bain peak 

35 at 23,5 min (about the same alution time if injected from an 
agueous? solution instead of the 10% agueous acetic acid 
solution) and a "dimer* at 28.2 min accounted for about 35% 
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of the total absorfoanca. About 4,S mg of the crude product 
was purified to giv* approximate ly 1.6 mg of presumably >SS% 
pars H»[Taeg3 t0 -Ly«HH%. *£his compound could not be free of 
tfcfe «aiBer« peak* which grew «pcm standing in aqueous acetic 
5 acid solution. 

m aynthetic Frotoool 2 

(1) Boo-daprotectiom with TFA/CH 2 C1 2 (1;X.< v/v) , 3 »1, 
3x1 min and 1 x 30 min? (2) washing with 0%Cl g , 3 sal, 6 x 
lain; (3) neutralisation with l>im/CE 2 clg (Is 19 , vfvi , 3 ml, 

10 3x2 min? ($} washing with CH 2 Cl gf 3 ml, 6x1 min* and drain 
for 1 min; (5) 2-5 ag eaaple of Pl?S.~r«sin can bo taken out and 
dried thoroughly for a qualitative minhydrin analysis; {€} for 
cycles 1 to 5 and cycles 10 to IS the coupling reaction was 
carried cut by addition of 3.2 eguiv. (0*18 maXf 100 mg) 

15 8oefaeg~0Pfp dissolved in 1 ml C%CX 2 followed foy addition of 
0*5 ml DMF (final concentration of pantafluorophenylaster ~ 
0.12 Ml the coupling reaction was allowed to proceed for a 
total of 12-24 a with shaking; cycles 5 to IS employed an 
additional SK12 K DCC coupling of 8,12 M BocTaeg-OH in 1,5 ml 

20 DHF/CH 2 C1. S (U2, v/v); (7) washing with BKF, 3 al, 1x2 sin; 
(8) washing with CHgCl 4 , 3 al, 4xl Bin? (9) neutralisation 
with DIEA/CHgCl 2 (is 19, vM, 3 ml f 2 x 2 nin; C10) washing 
with CH 2 Clg, 3 mi, 6 x 1 ®in? (11) 2-5 mg sample of protected 
PNA-resin is taken out for a qualitative ninhydrin test (after 

25 cycles % W* and 15 unraacted amino groups were blocked toy 
aoetylation with N-acetylimidasoi in methylene chloride) . 

Improved pSoXiMhaae synthesis of H~[Tasg3 tr £ys~tf% 
30 The protected :PHA was assembled onto an MBHA resin, 

using approximately half the loading of the EHA resin used in 
the previous examples. Furthermore, all cycles except one was 
followed by aoetylation of uncoupled amino groups. The 
following describes the synthesis in full details 
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f a) ^reparation of Boe-^y s i ai <g ) ~s?h~ch tp-ofy-cg^} 

masia C3C8H& Hesini wit& » Initial Substitution 
of e»3 asmax/g 

The desired substitution of Boc-Lys (CI 2 - < esin was 
S 0.25 ~ 0..30 aaol/g. In orier to get Ms value, 1.5 mmol of 
Boe~Lys{Cig} was coupled to S.o g of natatraXixsd and 
prasswoUan HBH& resin {determined by the quantitative 
nittfeydrin reaction to contain o*64 mol m z /q) using a single 
«in situ" coupling (x.s araol of DCC) in 60 ml of CH^Ci^ X3&« 

10 reaction was carried out by shaking for 3 h in a manually 
operated, 225 ml f standard, solid-phase reaction vessel* 
Onreaeted amino groups were then blocked by acetylatxon with 
a mixture of acetic anhydride/pyridine/€HgCl 2 (1:1*2, v/v/v) 
for 18 h. A quantitative ninhydrin reaction on the 

iS neutralised resin showed that only 0.00003 mtsol/g free amine 
remained (see Table I) , i»e. oast of the original amino 
groups. The degree of substitution was estimated by 
deprotaction and ninhydrin analysis, and was found to ha 0,32 
Msol/g for the neutralized H-Lys (CIS) ~MBH& resin. This 

20 compares well with the maximum value of mmoi/g for a 

quantitative coupling of 0«30 mmol Boc~Lys{C12} /g resin (see 
Table 11} , 

(h) Stepwise Assembly of Boc-t*a«g33-l»y»(caz)-MBKA 
Resin 

The entire batch of H~Ly& fCiS) -MBHh resin prepared in 
section (a) was used directly (in the same reaction vessel) 
to assemble Boc~tTaag] s -Lys{C13!)-liBB& resin by single 
couplings ("Synthetic Protocol 3") utilising 2*5 equivalents 
of BocTaeg-OFfp in neat m t GX z .. The quantitative ninhydrin 
30 reaction was appplied throughout the synthesis {see Table II} , 
|«) stepwise Asaamfely of Boc-f1»a«g3 s «l»y»<c3L3}»KBHA 
Slesin 

About 4.5 g of wet Boc»CTaegj r L.ys(C12) -MBBA resin 
(-0.36 mmol growing chains; taken out of totally - 19 g wet 
SS resin prepared in section (b)) was placed in a SS mi SPPS 
reaction vessel. Boo- fTaeg] s ~Lys (CIS) -mbha resin was 
assembled foy single couplings ("Synthetic Protocol 4«) 
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»«4« 

utilising 2.5 egaivaXMt* of SocTaag-OFfp i*> *hmt 30% 
DMF/CBgCl 2 , The progress of the synthesis was monitored at 
all stages by the quantitative ninhydrin reaction (see Table 
XX). 

S W Stepwise teembly of fc^[^eg] tr ^sreig)»MBHS 

About 1 g of wet Htoc^£ , Xa«g3j i -£(?»(ClZ>HHBHft. resin (-0.09 
m®% growing chains; takes out of totally ~4 g wot resin 
prepared, in section (o)> was placed In a go ml SFPS reaction 

1.0 vessel. Bee- f Taeg j TO ~Lys (C1Z) HKBH& resin was assembled by the 
single-coupling protocol employed in the preceding section 
utilising 2.5 equivalents of BocTaeg-QPfp in about 30% 
DMF/CH 2 Cl 2 x The reaction voltaue was 3 ml (vigorous shaking) . 
The synthesis was monitored toy the quantitative ninhydrin 

IS reaction (see Table XI) . 
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3 of »«-ETaeg3 18 -Ly»<ci3)-KBHA Easim 



Following deprotection of a portion of Boo-[Taeg] 10 - 
LysC€l£)~M8Ha resin (estimated dry weight is about 45 mg} , the 
35 resin was next aeetylated quantitatively with a 2 ml mixture 
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of. acetic anhyarids/pyridins/CH 2 ci 2 (Is is 2 v/v/v) for 2 h in 
a 3 ml solid~phase reaction vessel* 

if) mmv&m, 3m?m&m*$>m? and identification of h» 

5 A portion of protected Boc~ (Taeg] t g~lvs(€l&) ~BH& rosin 

was treated as dascrife&d in Example 17 c to yield about 24 mg 
of cruds material -upon BF cleavage of 76 ag dry H-[Taeg} s ~ 
Ly»(CXZ)«BHA rosin. The main peak at IS, 2 min (which includes 
impurities such as deletion peptides and various byproducts) 

ID accounted for about 78% of the total ahserbance. $&e main 
peak also accounted for about 88% of the «main peak plus 
deletion peaks" afosorbwnce, which is in good agreement with 
the overall estimated coupling yield of so.1% obtained by 
summarising the individual coupling yields in Table U. A 7.2 

15 mg portion of the crude product was purified from two batches 
by use of a serai-preparative reserse-phase column^ (collecting 
the min peak in a beaker cooled with dry iee/2~-prepanoX) , 
Each contained 3.6 mg in x ml of H g O* The frosen solution was 
Xyophilissed directly (without prior removal of acatonitrile 

20 on a speed vac) to give 4.2 mg of 82% pure H~£Taeg3 t§ ~bysH!?H r 
fg) Cleavage, Purification, ana Xdeutif ioation of 

A 400.0 xag portion of protected Ao-CTaegj^g-hysCCig)- 
8H& resin (dry weight) was cleaved as described in Example 
25 X7c, except for the TFa treatment to yield n»s mg of crude 
material, The main peak at IS. 8 min accounted for about 75% 
of the total absorbanoe. A 4.8 mg portion of the crude 
product was purified to give approximately 3*5 mg of >95% pure 
Ac-ETasgj^-Lys-HEj. For (MHlf the calculated m/z value » 
30 2849.8 and the measured */* value - 3848.8. 
Ch) synthetic Protocol 3* 

(X) Boc-deprotection with; TFA/CH g €l 2 {%iX, v/v) , 100 
ml, 3 x l min and X x 30 min; (2) washing with €H 2 C1 S ,. 100 ml , 
S x X ain; (3) neutralisation with mm/CB t Cl z (It 19, v/v) , 
35 100 ml, 3 x 2 min? (4) washing with CH g Cl 2 , 100ml f 6 x X min, 
and drain for 1 min? (5) 2-5 mg sample of *Nfc«re*in is taken 
out and dried thoroughly for a quantitative ninhydrin analysis 
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to determine the substitution? {«) addition of 2,5 equiv- 
(3,?S amoi; 2«8«4 g) Eoc^aeg-OFfp dissolved in 35 ml CH 2 C1 2 
(final concentration of pentaf luorophenyl ester -0,1 M) ; the 
coupling reaction was allowed to proceed for a total of a 0-24 
5 » with, shaking; (?) washing with DMF, 100 ml, 1 x 2 ain (to 
remove precipitate of Boc$aeg~0H) ,* (8) washing with , CK 2 C1 2 , 
180 al, 4 x 1 ain? (9) neutralisation with DIE&/CHgCl 2 (H 19, 
v/v) i 100 ml, a x a mini (10) washing with Cf£>€X 2 , 100 ml, 6 
x 1 ain; (11) 2~S ag sasple of protected PHA-resin is taken 

10 out for a rapid qualitative ninhydrin test and a further 2-3 
mq is dried thoroughly for a quantitative ninhydrin analysis 
to determine the extent of coupling? {12} blocking of 
nnreacted amino groups by ecetylatlon with a 100 ml mixture 
of acetic anhydride / pyridine / m%Cl z (is 1:2 , v/v/v) for 2 

IS h$ (13) washing with CB 2 eX 2 , 100 il, 6 x 1 min? £14) 2 x 2-5 
ag samples of protected B?&~resdn are taken out, neutralised 
with BIEA/a%Ci 2 (It IS, v/v) and washed with CH 2 Ci 2 for 
qualitative and quantitative ninhydrin analyses* 
(i) synthetic trotoool 4« 

20 (l) Boc-deprotection with TFA/e%Cl 2 v/v) t 25 ml, 

3 x 1 ain and l x 30 ain; (2) washing with CH ? Cl s , 2S ml, 6 x 
1 min; {3} neutralisation with 01Ea/CH 2 Cl ? (1? 19, v/v) , 25 
mi, 3 x 2 Bin? (4) washing with €%CX 2 , 25 ml, 6x1 mill, and 
drain for 1 min? (5) 2-5 ag sample of PHR-resin is taken out 

25 and dried thoroughly for a quantitative ninhydrin analysis to 
determine the substitution? (fi) addition of 2.5 equiv. (0,92 
aaol; 0.S06 g) BoeTaeg~01 i 'fp dissolved in 6 ml CH 2 C1 2 followed 
by addition of 3 ml OMF (final concentration of 
pentafiuorophenylester ~0.i H) ; the coupling reaction was 

30 allowed to proceed for a total of 20-24 hrs with shaking; (?) 
washing with DMF, 25 ml, l : x 2 min; (8} washing with CI%Ci g , 
23 ml, 4xl ain? (9) neutralisation with DXBA/CEXi g {it 19, 
v/v) t 25 ml, 2x 2 min? (10) washing with CE z Cl 2 , 25 ml, 6 x 
1 sain? (11) 2-5 mg sample of protected PKa-resin is taken out 

35 for a rapid qualitative ninhydrin test and a further 2-5 ag 
is dried thoroughly for a quantitative ninhydrin analysis to 
determine the extent of coupling? (12) blocking of unr sacred 
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mim groups by eeetyiation with a 2$ ml mixture of acetic 
anhyaride/'pyridine/CH 2 cl s (itltt, v/v/v) for 2 fe. (except after 
the first cycle),* (13) sr&shing with CHgCl.^ 25 al, 6x1 xain;< 
(14) 2 x 2-5 mg samples of protected P$Nkr*msin are taken out, 
5 neutralised with BIBhf C& s Cl z (is 19, v/v) and washed with 
CH 3 C1 2 for qualitative and quantitative* ninhydrin analyses. 



8«&id-?hase gy&t&esia of K«|«*«gf3 5 «caesr«|;«a8g j 4 ~x,ys«»MH 2 
10 <a) ' stepwise &ssam&lv of Boe«t*aeg3 s ~ec«Ue«~(***«r34- 

iystC13)««8ia Resia 
About 2*S g of wet ■ -Bbp^CTaecrl^-LysCClZJ-lSBHA resin (~ 
i/s of the total remaining about 16 g wet resin; ~0>?S g dry 
resin ~0.1S saaol growing chains) was placed in a $ mi S« 
IS reaction vessel , Boc~ f Taeg J 5 ~Caeg~ [Taeg J 4 ~Lys { CI Z) HKBK& resin 
was assembled by double coupling of all Taeg-rasidues 
utilising the usual 2*5 equivalents of BoeTaeg-opfp in 2,5 ml 
about 30% BMF/CH 2 C1 2 , except that the first residua was 
single-coupled. Incorporation of the C(S)aeg~resMue was 
20 accomplished by coupling with 2,0 equivalents of SocC(S}eeg~ 
OPf p in TFE/CH 2 C1 S (XiZ t v/v). The progress of the synthesis 
was monitored at all stages by the quantitative ninhydrin 
reaction (see Table XXI), 
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(fc) ci«av«7s, Purification* and Xdantif ication of h- 

A portion of protected Boo-rTaegls-Caag-fTaeg^- 
Lye(C12)-BHR, resin was treated as described in Example 1 
5 section (c) to yield about 14*4 mg of cruel© material upon HF 
cleavage of ng dry H** j[Taeg3 s ! -Caag-~ fTaao; j &~Lys { C12 1 «-BHA 

resin. *lhs ssain peak at 14. S xsin accounted for >50% of the 
total afesorhanee, A 100.0 mg portion of the crude product was 
purified (B batches? each dissolved in 1 ml H 2 0) to give 
10 approximately 9.1 mg of §S% pure H«tTaeg} s ~eaau~[Taeg3 4 ~Ly3~EH g 
(Figure I3fe) • For (M*H>* the calculated m/z value «* 2793,8 and 
the -measured a/a value « 2790, 6* 

15 Biding of A«r 1 ~($ae0 ir Lys~3mg to &a t$ (jpigar* 1**1 

Acr^-(Taeg) 10 «-Ly» (100 ng) was incubated for 13 min at 
room temperature with SO ops S'-t^l"®^^^ 11 ^ 
oligonucleotide r&CSAT coys) 3 la 20 jtii fE buffer <10 ssH Tris- 
EClf 1 mM EDTA, pH 7.4) » The sample was oooled in ice (IS 

20 min| and analysed by gal electrophoresis in polyacrylaxnide 
(PAGE) . To 10 fil of the sample was added 2 pi S0% glycerol, 
5 TBE (TBB * 80 »H Tris-borate, 1 mM EDTA* pH 8,3), and the 
sample was analysed by PAGE (15% acrylaaMe, oM 
bisacrylamide) in TBE buffer at 4*c. A 10 jtl portion of the 

25 sample was Xyophilised and redissolved in 10 p.1 80% formamide, 
1 TBE , heated to 90*C (5 min) , and analyzed by urea/ PAGE (15% 
acryiaiaide, 0.5% bisaocylasaide, ? M urea} in TBE» r S2 P] - 
containing DM hands were visualized, toy autoradiography using 
intensify lug screens and agfa Oarix Wl X-ray films exposed 

30 at ~80*C for 2 h. 

Oligonucleotides were synthesized on a Biosearch 7500 
DiJA synthesiser, labelled with 7[ 32 P]~M , P (Aaarshaaj, SO 00 
Ci/aaol) and polynucleotide kinase, and purified toy PAGE using 
standard techniques (Maniatis at al. (1986) s A laboratory 

35 manual f Cold spring Harbor Laboratories) . 
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Formation ©f strans displacement complex 

a dA 18 ~dT 19 target sentience contained within a plasMid 
bEA s«quesc« was constructed by cloning of two ©ligonu- 
5 Cleotides (d (GATCC^^Q) * d<GATCCT ie G) } into the 3a#HI 
restriction ensyma sits ©f pTJCis using the Eschwicia. cell 
amiOl strain by standard techniques (Maniatis at al. , 1986), 
The desired pl&smid (designated pTIO) "was isolated from one 
of the resulting Fionas and purified by the alkaline 

10 extraction procedure and CsCl centrifugation (Haniatis at al* t 
1986), A 5' ~[ 32 F3 -end-labelled DMA fragment of 248 fop 
containing the <a& t0 /dT w target sequence was obtained fey 
cleaving the pTIO 0HA with restriction ensy»es EeoRl and 
PVUXX, labelling of the cleaved DNA with «[^P}~dATP (4000 

:15 Ci/mmol, Aeersham) using the Klenow fragment of E» coil SM& 
polymerase (Boehringer Mannheim) , and purifying the 248 fop B&A 
fragment by PAGE (S% aeryiamide, 0»0«% bis aery lass ids, TBE 
buffer). This DMA fragment was obtained with £^Pj -end- 
labelling at th© 5 '-end by treating the EeoRI-cleaved pTIO 

20 placid with bacterial alkaline phosphatase (Boehringer 
Hannheim) , purifying the pleemid mtA by gel electrophoresis 
in low melting agarose, and labelling with y{ ss PJ » and 
polynucleotide kinase. Following treatment with Pvuii, the 
248 bp Wk fragment was purified as above. 

2S The complex between Acr^CTaeg^p-Lya-riHg end the 248 bp 

DMA fragment was formed by incubating 50 ng of &er'~ (Taeg) 10 - 
Lys-HHg with SG0 ops ^P-iaheXXed 248 bp fragment and 0,S &g 
calf thymus DMA in 100 Ml buffer for 60 min at 3?«C. 

30 £3&x?LS 23 

Frebisg of strand displacement complex with? 

im) Staphylococcus nuclease ^Figure XXJsJ 
The strand displacement complex was formed in 25 mil 
Tris-HCl, 1 m MgCl ?f o.l mH CaCX 2 , pH 7*4 as described above., 
35 The complas was treated with Staphylococcus nuclease 
(Boehringer Mannheim) at 750 tJ/ml for 5 min at 2Q*C and the 
reaction was stopped by addition of WTh to 25 m* The DMA 
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was precipitated wit& 2 vol*, of ethanol* 2% potassium acetate 
redissolvad in so% formsdde, 2BE< •fcsated to SO«C {5 min) , and 
analyzed toy high resolution PAGE (10% acryiaai<3**, 0,3% 
hiaaorylamide, 7 M urea) and autoradiography, 
5 (h) affinity pfcefeeoXeavage figure 12a + itto) 

The complex was formed in "SE buffer . A sample con- 
tained in an Bppandorf tube was irradiated from above at 300 
wt. (Philips TL 20 fluorescent light tab®, 24 J®" V 1 ) for 
30 minx The BHA was precipitated as above, taken up .in 1 M 
10 piperidina/ and heated to »0«C for 20 min* Following 
Ivophilissation, the UNA was analysed by PAGE as above, 
Co) potassium parmamgas&te (Figure i£b} 
The complex was formed in 100 pi TE and 5 ft% 20 m 
XHn0 4 was added. After IS s at 20 s c f the reaction was stopped 
IS toy addition of SO al 1.5 H sodium acetate, pH 7*0, 1 K 2~ 
isercaptoethauai. The mh was precipitated, treated with 
piper Mine and analyzed , as above. 

m fhotofootpristting (Figure tab) 

The complex was formed in 100 ,«X TE and dia so-linked 
20 acridine (0.1 m/m C», Nielsen at al. (15*88) Stoet. Acids 
Res. 16, 3877-88} was added. The sample was irradiated at 305 
nm (Philips TL 20 W/00M, 22 0-mV 1 ) for 30 min and treated as 
described for "affinity photocleavage* . 
m s r nuclease (Figure xae) 
25 The complex was formed in SO mK sodium acetate, 200 m 

Had, 0.5% glycerol, 1 m ZnCl ?! pH 4.5 and treated with 
nuclease S, (Boehringer Mannheim) at 0.S U/»l for 5 min at 
20°C. The reaction was stopped and treated farther as 
described under * Staphylococcus nuclease", 

30 

BMPLE 24 

H-JBenaylexyeaxbonyi-H- (hoeamiaoethvl) glycine, 

Aminoathyl glycine (S2.86 g; 0*44? mol) was dissolved 
in water (§00 mi) and diexans (300 ml) was added. The pH was 
35 adjusted to 11.2 with 2H KaOH. While the pH was leapt at 11.2, 
iwt-~butyl-p~*nitxophenyi carbonate (128.4 g? 0.537 aoX) was 
dissolved in dioxane (720 ml) and added dropwise over the 
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course of 2 hours, $ he pH was feept at 11,2 for at least three 
more hours and then left- with stirring' overnight . The yellow 
solution was cooled to 0»C and the pi was adjusted to 3*5 with 

3 M MCI, The mixture was washed with chloroform (4x100 ml) , 
5 and the pH of the aqueous phase was "readjusted to S,§ with 2 

H moE at Bensyloxycarfeomyl chloride (73.5 wl| 0.515 

mol| was added over half an hour, while the pH was leapt at §<S 
with 2 N HaOB* The put was adjusted frequently over the next 

4 hours , and the. solution was left with stirring overnight « 
10 On the following day the solution was washed with ether (3K600 

ml) and the pH of the solution was afterwards adjusted to 1,5 
with 2 H HC1. at 0*0, The title compound was isolated toy 
extraction with ethyl acetate (5x1000 ml). The ethyl acetate 
solution was dried over magnesium sulfate and evaporated to 

IS dryness, in vaauo. This afforded 138 g\ t which was dissolved 
in ether (300 ml} and precipitated fey the addition of 
petroleum ether {1S00 ml). Yield 124*? g (79%). M.p* 64,5-85 
*C» Anal* for Gjtl&m found (calc.) Cs SS*40f57*Mh H* 
7,02(6*86}? Ml ?.5»4{7.9S}* v R~Wm (250 MHz, C&Cl 5 ) 7,33 « 7,32 

20 (5H, Ph)j S.15 & 5.12 (2H, PhC®») ; 4.03 $ 4*01 <2H, $C&CP$} ? 
3,46 (b, 2H, BocHHCHjCHj) | 3*28 (h, 2H, BocNHC&CH,) ; 1.43 & 
1*40 <9H, 'Bu). HPLC (SCO ass) 20*71 min> (80,2%) and 21.57 
Bin* (19.8%)* The 0?~spactra (200 xm - 300 nm) are identical, 
indicating that the minor pealc consists of Bis~2~AEG. 

25 

sxmflb as 

SF-Boo-aminoefebyl glycine ethyl ester* 

-H^Bensiyloxycartoohyl-fir * {boeaminoethy 1) glycine (60. 0g? 
0*170 mol ) and N, N~dinathy 1 -4 ~aminopyr idine {6.00 g) were 

30 dissolved in absolute ethanol (500 ml) t and cooled to 0*-C 
before the addition, of BCC {42.2 gy 0.204 mo!) . The ice bath 
was removed after 5 minutes and stirring was continued for 2 
ssore hours. The precipitated £>CU (32.5 g dried) was removed 
by filtration and washed with ether (3x100 mi). The combined 

35 filtrate was washed successively with diluted potassium 
hydrogen sulfate (2x400 ml) , diluted sodium hydrogenearbonate 
(2x400 ml) and saturated sodium chloride (1x400 ml). The 
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organic phase was filtered, then dried over magnesium sulfate, 
and evaporated to dryness, in vacuo, which yielded 66,1 g of 
an oily substance which contained some DOT, 

The oil was dissolved in absolute ethanol {600 mi) and 
5 was added 10% palladium an cartoon "{6,6 g) was added, The 
solution was hydrogwatad at atmospheric pressure, where the 
reservoir was filled with .2 H sodium hydroxide. after 4 
hours, 3.3 L was eonmattd out of the theoretical 4.2 L, The 
reaction mixture was filtered through oolite and evaporated 

10 to dryness/' in v&cao, affording 33. 5 g (§4%) of an oily 
substance, A 13 g portion of the oily substance was purif ied 
by silica gel (§00 g 3l0,) chromatography- After eJution with 
300 ml 20% petroleum ether in methylene chloride, the title 
compound was elutad with 1700 ml of 5% methanol in methylene 

IS chloride. The solvent was removed from the fractions with 
satisfactory purity, in vacuo and the yield was 8.49 g. 
Alternatively 10 g of the crude material was purified by Khgel 
lofer distillation. 'HHSBJR (250 Mis, CBjOB) ? 4,77 £b. s, W£) t 
4«m (q ? 21? MeCHj-}; 3.38 (s, 2H, Hq&COjBt) ? 3*16 (t, 2H, 

20 BocNHCBjCa s ) ; 2.63 (t f 2H, 8ocNHCB s Ciy ? 1.43 (S, 9H, *Ba) end 
1,26 (t, 3H, Ciy )S C~t3MR 171.4 (£0Et) % 156.6 (CO) ; 78,3 
((Cm£}j 59.9 (CSi)j 49.0 (SB,)? **** 39*0 (CB S )| 26.9 

(CHt) and 12.6 (CH 3 ) . 



.lf'HBoe-aaiaoefchyl glycine methyl ester. 

The above procedure was used, with methanol being 
substituted for ethanol. The final product was purified by 
column purification.. 

30 , , 

l«|gQ9~tte?> thymine ethyl ester. 

H'~Boc-aBinoethyl glycine ethyl ester (13,5 g; 54,8 
Ml}, DhbtOfi {3.84 g; 60.3 mmel) and i~oarfooxymsthyl thymine 
35 (11.1 m 60. 3 mtaol) were dissolved in 0MF (210 ml). 
Methylene chloride (210 ml) then was added. She solution was 
cooled to 0*C in an ethanol/ ice hath and DCC {13.6 g; 65,8 
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mmol) was added. The ice bath was 'removed after 1 hour and 
stirring was continued for another 2 hours at aebient 
te»perat»re. The precipitated BCU was removed by filtration 
and washed twice with methylene chloride (2 x 75 ml) . To the 
5 combined filtrate was added more methylene chloride (650 ml) . 
The solution was washed successively with diluted , sodium 
hydrogen carbonate (3 x 500 sal) , diluted potassium hydrogen 
sulfate (2 x SOU ml), and saturated sodium oh lor ids (i x soo 
ml)* some precipitate was removed from the organic phase .fay 

10 filtration/ The organic phase was dried over magnesium 
sulfate and evaporated to dryness, in vacuo* fhs oily residue 
was dissolved in methylene chloride (ISO ml), filtered, and 
the title compound was precipitated by the addition of 
petroleum ether (350 mi) at o*c. The methylene 

15 chloride/petroleum ether procedure was repeated once, This 
afforded is.o g (71%) of a material which was more than 99.% 
pure hy HPL€» 

BXMBM SS 

The material from above was suspended in THF (194 ml, 
gives a 0,2 M solution), and i H aqueous lithium hydroxide 
(IIS ml) was added. The mixture was stirred for 45 minutes 
at ambient temperature and then filtered to remove residual 

25 DCO. Water (40 ml) was added to the solution which was then 
washed with methylene chloride (300 ml) « Additional water (30 
Bl) was added, and the alkaline solution was washed once more 
with methylene chloride (150 ml) . The aqueous solution was 
cooled to o*C and the pE was adjusted to 2 fay the dxopwlse 

30 addition of .1 M HC1 <appr©x, 110 al). The title compound was 
extracted with ethyl acetate <s x 200 ml) , the combined 
extracts were dried over magnesium sulf ate and were evaporated 
to dryness, in vacuo* The residue was evaporated once from 
methanol, which after drying overnight afforded a colorless 

3S glassy solid. Yield 9,51 g (64 %} . HPLC > 98% ;r t ~14.8 min . 
Anal, for C i( B 2& 8 A Q ? »Q.2$ H 2 0 Found (calc.) es 45.29(49.42)? Hi 
€..S2<6.35); K: 14,11(14*41}. Due to the limited rotation 
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around the secondary amide, several of the signals were 
doubled in the ratio 2tX (iufiicalfced in the list by mj, for 
major and mi, for minor) . hfr-HKR {250 MHz, DMSQ~d 6 ) s 12. 75 
(b,s,, 1H, COgB); 1I>28 (s, »ih», wj., isideHH); 11.26 <s, 
5 «1H«, ai., lmide HH) ; 7.30 (s, «1H & , mj. f T M) ? 7.26 (s> 
*1H«, mi,, T H-6)f 6.S2 (b.t., "XH% BocNH); €.73, {b.t, , 

»1H", mi., BocNK); 4*64 (*, M 2H» f mj., CHgCOS) ; 4.4S {s» 
»2H«, mj., CH 2 C0??} | 4.19 <s, «2H M , at*, Cli^CO^) ; 3.97 fa., 
«2K", mj*, CHgCO^I)? 3*S3«3*Q1 {tmresol%^<3 m ? includes water, 
10 CS^Cigi ? 1.75 (s, 3H, CH 3 ) and 1.30 (s, SE> *8d). 

S**~Bs:esyloryearboaf 1-1- (Boc-sag) cyfcosiae * 

N*~Boo~aminoethyX glycine ethyl ester (5*00 g; 20.3 

15 w&Ql) , DhfetQH (3*64 g? 22,3 mmoi} and Jf~bensyloxTcarbonyi~X~ 
carboxymethyl cytokine (6.77 g? 22.3 aaaol) were suspended in 
BMF (10D »l) . Methylene chloride (100 ml} then was added, The 
solution was cooled to 0*0 and DCS (5.03 g? 24,4 mmol} was 
added. The ice bath was removed after 2 h and stirring was 

20 continued for another hour at ambient temperature. The 
reaction mixture then was evaporated to dryness, in vacuo, 
t&e residue was suspended in ether (100 ml) and stirred vi- 
gorously for 30 win, the solid material was isolated by 
filtration and the ether wash procedure was repeated twice, 

25 material was then stirred vigorously for 15 min with 
dilute sodium hydregencar&onate (aprox, 4% solution, 100 ml) , 
filtered and washed with water. This procedure was then 
repeated once, which after drying left 17,0 g of yellowish 
solid material* The solid was then boiled with dioxane (200 

30 ml) and filtered while hot. After cooling, water (200 ml) was 
added. The precipitated material was isolated by filtration, 
washed with water; and dried. According to HPLC (observing 
at 260 n&) this material has a purity higher than 9S%, besides 
the The ester was then suspended in THF (X00 ml) , cooled 

35 to o«C f and 1 H LiOH (61 ml) was added, After stirring for 
IS minutes, the mixture was filtered and the filtrate was 
washed with methylene chloride (2 x ISO mil * The alkaline 
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solution then was cooled to 0*C and the pff was adjusted to 2.0 
with i K HCl, The title compound was isolated by filtration 
and was washed ones with water, leaving 11.3 g of a white 
powder after drying, fha material was suspended in methylene 
5 chloride (300 ml) and petroled ether (300 ml) was added* 
Filtration and wash afforded 7.1 g {69%} after drying;. HPie 
showed a purity of 99% & r ~ 19*5 min ? and a minor impurity at 
12x6 min (approx* 1%) most likely the g™de protected monomer. 
.Anal, for C^H^NA found (calc. ) C£ 54«16($4.87} ? Hs 5.76(5. 81} 

ID and Nj 13.65(13.91} . 'H-NHR {250 MHZ, DSESO-d,) . 10.78 (b.s, 
1H, COM) i 7. 88 (2 overlapping dub lets, IB, Cyt H-5) ? 7.4X- 
7,32 {s, SH , Phj ; 7.01 (2 overlapping doublets, IB, Cyt H~S) ; 
6*94 & 6.78 (unres. triplets, 1H , BocMH) ? 5.19 (a, SH, FhC^y ■; 
4, 81 £ 4.62 (s, 2E, CisCOH) ; 4.17 & 3 .98 (s, 2H, C&COjH) ; 

15 3.4 2-3.03 {m, includes water, q&c$y and 1.38 & 1.37 (s f 9H, 
*Bu)> ?3 C-H^, 130.88? 128.52? US, .18; 127.96? 93.90; 66*53? 
49.58 and 28*23* XRj Frequency in cm" 1 (intensity) , 3423 
(26,4) , 3035 {53.2} f 2978(41*4), 1736(17*3), 1658(3.8), 
1563(23.0}, 1501(6*8) and 1456 (26,4)* 

20 

"assootnus. 30 

»HSarboaeyaetl»yl adenine ethyl ester* 

Adenine (10.0 g f 74 ismol) and potassium carbonate 
(10.29 g, 74*0 jopel) were suspended in DKF and ethyl 

25 broaoacetate (8.24 si, 74 mmol) was added. The suspension was 
stirred for 2.5 h under nitrogen at room temperature and then 
filtered. The solid residue was washed three times with DM? 
(10 ml). The combined filtrate was evaporated to dryness, la 
vacuo. The yellow-orange solid material was poured into water 

30 (200 mi} and 4 N BC1 was added to pK~6 . After stirring at 0*C 
for 10 sin, the solid was filtered off , washed with water, and 
reerystal listed from 86% ethanol (150 ml) . The title compound 
was isolated hy filtration and washed thoroughly with ether. 
Yield 3.4 g (20%), M*p* '215.5-220»C* Anal, for C 9 H t1 %0 2 

35 found (calc.-) J C* 48.86(48.65}, if; 5. 01 (4. 91} ; Hs 31.66(31,42) . 
1 H~HMR (250 MBz$ DMS0~d 6 ) i (s, 28, B~2 & H~8) , 7.25 (b. S, , 
2E, MHg), 5.06 (s, SH, HCH 2 ) , 4*17 (g, 2E, J»7 « 11 Ha, OCSIj) and 
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alkylation was verified by x-ray crystallography on crystals, 
which wars obtained toy reerystallisatioa from 96% ©tfcanel. 

10 Alter-natively, 0~carbexymethyi adenine ethyl ester can 

fee prepared by the following procedure, To a suspension of 
adenine (50.0 g, 0*37 rnoi) in OKF {iioo ml) in 2 L three- 
necked flask equipped with a nitrogen inlet, a mechanical 
stirrer and a dropping funnel was added 16,4 g (0.40? mol) 

15 haxane washed sodium hydride- mineral oil dispersion* The 
mixture was stirred vigorously for 2 hours, whereafter ethy 
hromacetate 75 ml, 0.6? mol) was added dropwise over the 
course of 3 hours. The fixture was stirred for one additional 
hour, whereafter tic indicated complete conversion of adenine. 

20 The mixture was evaporated to dryness at X issasHg and water (500 
ml) was added to the oily residue which caused crystallisation 
of the title compound, the solid was reerystalXised from 06% 
athanol (600 ml.) . Yield after drying S3, 7 (65,6%) . HPLC (215 
n») purity > 99*S%, 

25 

3~Carboxymathyladenioe ethyl ester (3.40 g, IS. 4 raaol) 
was dissolved in dry IMF (SO ml) by gentle heating, cooled to 

30 20«C, and added to a solution of Jf~ethyl.~ ben- 
gyloxyoarbonylimidaaoie tetraf luoroborate (62 ismol) in 
methylene chloride (SO ml) over a period of 15 mln with ice- 
cooling* Some precipitation, was observed* The ice bath was 
removed and the solution was stirred overnight. The reaction 

35 mixture was treated with saturated sodium hydrogen carbonate 
(100 ml) . After stirring for 10 %in, the phases were 
separated and the organic phase was washed successively with 
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one volume of water, dilute potassium hydrogen sulfate 
(twice) .< ami with saturated sodium chloride* The solution was 
dried ovsr magnesium sulfate and evaporated to dryness , in 
v&mo, which afforded 11 g of an oily material. 'She roatarial 
5 was dissolved in methylene chloride (25 ml) ». cooled to 8 o e, 
and precipitated with pstroieumeu® ether (50 »1) , < This 
procedure was repeated once to giw. 3,45 g (63%) of the title 
compound, M.p* iSa-SS^S. Analysis for € t? H tr N 5 0, found 
(sale. } $ C? SS.9§{5?»46); H« 4.71(4,83}? Hs 19.35(19.71), 1 H~ 

10 HIE (250 MHa"; C0C1 5 ) : 8*77 ■{&., XH, B~2 or H-.S-J y 7.99 1H, 
H»2 or H-8)f 7,45-7.26 (m, SH, Ph) ; 5,31 {s, 2H, If-Cgfe) J 4,96 
{»* 3S, Ph-Qy ? 4.27 <q, 2H, J«7.15 Bss, CH 2 CH 3 ) and 1.30 {t„ 
3H, J»7.X5 Hs, CH;>CH 3 ) . rj C~NMR; 153.09; 143 , 11; 128.65; 
67.84; 62,51; 44,24 and 14 * OS.-. FAB-MS; 356 £MH*) and 312 

15 (MH+~co 2 ) . IBs frequency in csf* (intensity). 3423 (52.1); 
3182 (52.8); 3X15(52.1); 3631(47,9); 2681(38.5); 1747(1.1) f 
1617(4.8)? 15,87(8,4); 1652(25.2); 15X1(45*2); 1492(37.9); 
1465(14.0) and 1413(37.3). 

20 MzmBm 32 

K*Be»sy lo^carl»o»yl™9~cairb<K»ym®t&yl adenine » 

M^BsnsyXoxycartoonyl-~'9~carhok*yBethyladenine ethyl aster 
(3.20 g? 3.01 mmol} was mixed with methanol (50 ml) cooled to 
0*C, Sodium Hydroxide Solution (SO ml; 2N) was added, whereby 

25 the material quickly dissolved. After 30 min at 0*C f the 
alkaline solution was washed with methylene chloride (2x50ml) . 
The aqueous solution was brought to pH 1,0 with 4 II HC1 at 
Q*C, whereby the title compound precipitated. Ths yield after 
filtration, washing with water, and drying was 3,08 g (104%) < 

30 The product contained salt end elemental analysis reflected 
that. Anal, for C^H^Q, found (calc) : a 46.32 (55.05) ; Hs 
4,24(4,00); K? 18.10(21.40) and C/Ns 2.57(2*56). 1 B~HMR(2S0 
MH2S? DHBO-d^) i 8.70 (s, 2H f B~2 and 0-8 ) ; 7.50-7.35 (», 5H, 
Ph)? 5.27 (S, 2H, B-CE,}? and 5.15 (s f 3H, Ph~Cg g ) , 13 ONMR, 

35 168*77, 152*54, 151,36, 148* 75, 145,13, 128.51, 128,17,127.98, 
66.76 and 44. 67, XR (KBr) 3484(18,3)? 3X09(15.9)? 3087(15,0); 
2966(17,1); 2927(19.9) ? 2383 ( 53. S)? 1960(62,7)? 1739(2.5)? 
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16SS(S*2}; 1655{0.*}j 1594(11.7)? 1560(12.3); 1530(26,3)? 
1499(30.5}? 1475(10,4}? 1455(14 . 0) ; 1429 {24 . 5} and 1411 (23 . 0} * 
FAB-MS; 328 (KLH-) and 284 (KH*-C0 2 } . BFLC (21S »m, 260 m) in 
system l: IS. IS min, minor impurities all less than 2%. 

S 

tfH&wssyl^ea^ ester. 

W -Boo-a»ino©thyl glycine ethyl ester (2,00 g; 8.12 
ibjroI), BhbtOH (1.46 g? $.93 mmol) and H*~bensyloxycarbonyl~$H 

10 carboxy»«thyl adenine (2.92 g? 8. S3 trnxtl) were dissolved in 
BHF (IS ml). Methylene chloride (IS ml) then was added, The 
solution was cooled to 0«C in an ethanol/iea bath, DCC (2.01 
g? 9,74 mmol} was added. The ice bath was removed after 2*5 
h and stirring was continued for another 1*5 hour at ambient 

15 temparature. The precipitated DCU was removed by filtration 
end washed once with DMF (IS ml) , and twice with methylene 
chloride (2 x IS ml) . To the combined f iltrate was added more 
Methylene chloride (100 mi). The solution was washed 
successively with dilute sodium hydrogen carbonate (2 x 100 

20 ml) > dilute potassium hydrogen sulfate (2 x 100 ml), and 
saturated sodium chloride (1 x 100 ml) . The organic phase was 
evaporated to dryness, in vacuo, which afforded 3.28 g (73%) 
of a yellowish oily substance. HFLC of the raw product showed 
a purity of only 66% with several impurities, both more and 

25 less polar than the main peak. The oil was dissolved in 
absolute ethane! (50 ml) and activated carbon was added. 
After stirring for S minutes, the solution was filtered. The 
filtrate was mixed with water (3D ml) and was left with 
stirring overnight. The. next day, the white precipitate was 

30 removed by filtration, washed with water,, and dried,, affording 
.1.16 q (26%) of a material, with a purity higher than 98% by 
HPLC, Addition of water to the mother liquor afforded another 
0.53 g with a purity of approx* 95%. Anal, for c^M^np^Ep 
found (calc.) C: 55x01(54.44; Hs 6.85(6x15} and Si 

3S 16.47(17.09). 'H-HMR (250 MHa, CDCl,) 8.74 (s, 1H, Ade 8-2)? 
8. IS (b» s f IB, 2NH) J 8.10 £ 8.04 (s, 1H, H-8) } 7,46-7.34 (m, 
SH, Fh) } 5.63 (Uhres. t, IE, BocNH) ; 5.30 2H, FhCHj) ; 5x16 
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& §,00 (S, 2H, C&COH); 4.29 & 4.06 (S, 2H, C&PQjH) ? 4.20 (g, 
2H, OC&CH,); 3,67-3.29 (a, 4H, ? 1,42 {s, 9H, ! Bu) and 

1.27 £t, 3H # The spectra shows traces of ethane I 

and DCU. 

5 

X^-Benzy lo*ycarbonyl~i- (Boc~aeg } adenine «tfcyl em* 
(1*48 g; a. 66 toko!) tis suspended In THF (13 ml) and the 

10 mixture was cooled to 0*C, Lithium hydroxide |8 mi; 1 M) was 
added. After 15 sin of stirring, the reaction mixture was 
filtered, extra water (25 ml) was added, and the solution was 
washed with methylene chloride (2 ae 25 ml) . The pB of the 
aqueous solution was adjusted to p.H 2.0 with 1 M EC1, 

IS precipitate was isolated by filtration, washed with water, and 
dried, and drief affording 0.82 g (58%). The product 
rapracipitatsd twice with methylene chloride/ petroleum ether , 
0»7? g (55%) after drying. M.p. X19*C (decowp.) Anal, for 
CyBWHA*^ found(eaXo.} C: 53,32(52.84); Ks S«71(S»73}? is 

20 i7. ...68 (17 . f .7) . FAB-MS . 528 . 5 («&) , 'H-HMR (250 , DHSGM^ . 
13,75 (very b, XH, CO*K) ; id*«S (fa. s, 1H, ZHK) ? 8.59 (d, IB, 
J*= 2,14 H2 ? Ade K~2); 8.31 (s, lH f Ada B-8) ? 7.49-7.31 <&, 5K f 
Ph) f 7.03 & S.7S C^resoi, t, 1H, BocHH) ? 5.33 & S,X6 (s, 2H, 
CSHjCOH); 5.22 (s, 2H, PhCjy ; 4.34-3.99 (s. 2H, CHjCOjH) ; 3.54- 

25 3.03 (is's, includes water, mm?) and 1.39 & 1.37 (a, SH, 

*my, n c~mm. 171M1 166*6; 152,3? 151.5? 149.5? 145*2? 

128,5? 128.0? 127,9; 66,32; 47,63? 47,03? 43.87 and 28.24, 



To a suspension of 2-amim~6~chloropur:me (5,02 g; 29.8 
mmolj and potassium carbonate (12,91 g; 93,5 msol) in DMF (SO 
ml) was added hromoacatic acid (4,70 g; 22. S wool) . The 
mixture was stirred vigorously for 20 h, under nitrogen, 
35 Water (ISO ml) was added and the solution was filtered through 
Celite to give a clear yellow solution. The solution was 
acidified to a pH of 3 with 4 N hydrochloric acid, The 
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precipitate was £ iltered and dried, In -vacuo, over sicapent. 
Yield (3,02 g? 44.S%,K J HH^<»>~a6) ; d * 4»8S pp* (s ? 2H); 
6,95 (s,2H)? S.10 <*,1H), 



3S 



fas dissolved in benzyl 
I3Q"C for 2 h. After cooling 



and the 
Sodium 



(2.0 gj 87,0 
(20 ml) and heated 1 
to &*G, a solution of 3 
10 (4.05 g; 18.0 mmoi) in DKF {85 ml) was slowly added 
resulting suspension stirred overnight at 20'C, 
hydroxide solution (IN, 100 ml) was added and the clear 
solution was washed with ethyl acetate (3 & 100 *£) - The 
water phase then was acidified to a pH of 3 with 4 H 
15 hydrochloric acid. The precipitate was taken up in ethyl 
acetate (200 sal) , and the water phase was extracted with ethyl 
acetate (2 x 100 ml) . The combined organic phases were washed 
with saturated sodium chloride solution (2 x 75 ml) f dried 
with anhydrous sodium sulfate, and taken to dryness by 
20 evaporation, in 

ethanol (300 ml) . yield after drying, 
sieapent; 2.76 g (52%)- M.p. X59~«S5*C> Anal, (calc, found) 
€(56.18; §5.97), E(4.3S; 4.32) , B?{23,4? 23.10). 'h-K8R (SMSO- 
d 6 )t 4.82 ppm. (s,2H); 5.51 <s,2H); S.4S $B*2B)1 7.45 {»,5H}; 
25 7.82 t*,m* 



(I a ~Amia©~ « -b«n«y Xoaty -pur ine-» -y II -acetyl > -M- C 2 ~Bo®~ 
aminoetfcyl} -glyeise fBoofflwg-QH monosasr) . 
30 2-toino~6^toen^ioxy™0-carboxymethyl»purine ( 0,50 g? 

1.67 mmol) , methyl~TO- [tert-ta^^ 

glyeinate (0.65 q; 2.80 mmol} , diisopropyi ethyl amine (0,54 
g? 4,19 msal), and forojso-tris-pyrrolidiiso-phosphonium- 
hexafluoro-phoaphate (PyBroP*) (0.7SS g; .1.71 wmol) were 
35 stirred In DMF (2 sal) for 4 h. The clear solution was poured 
into an ice-cooled solution of sodium hydrogen carbonate (1 
H? 40 ml) and extracted with ethyl acetate (3 t 40 ml) * The 
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organic layer was wasted with potassium hydrogen sulfate 
solution (1 H; 2 I 40 ml) , sodium hydrogen carbonate (1 H? l 
X 40 ml) and saturated sodim chloride solution (So ml) * 
After drying with anhydrous sodium sulfate and evaporation, 
5 i» vacuo, th« solid resides was re«rystalii&sd frosa ethyl 
acatate/hsxane {20 ml (2*1)1 to give the methyl ester - in 63* 
yield (MS-FAS 514 {M*l} . Hydrolysis was accomplished by 
dissolving the eater in ethanol/ water (30 mi (1*2)} containing 
■cone, sodium hydroxide (X mi) . After stirring for 2 h, the 

3,0 solution was filtered and acidified to a pH of 3, toy the 
addition of 4 s? hydrochloric acid, The title compound was 
obtained by filtration, fields 370 mg (72% for the 
hydrolysis) . Purity by HPLC was more than 99%, Due to the 
limited rotation around the secondary amide several of the 

IS signals were doubled in the ratio 2sl (indicated in the list 
by m j » for major and »i. for minor), *H-$MR(2S0» m% , DMSO- 
*y ? d - 1.4 ppm, (M t my$ 3,2 (m,2H)? 3.6 (m,2H)f 4vl {s t mj», 
CONRCSgCOOH) ; 4,4 (& f mi,, C03SECI 2 COOH) ; 5.0 (*, mi,, Gua- 
CHgCO-)? 5.2 (S, mj., Gua-CH 2 CO) ? 5,6 (S,2H)f 6.5 £s,2E)| 6.9 

20 (a, mi,, BoeMH)? 7.1 (a, mj.,, BocsHH); 7,5 (a. ,3H) ? 7,8 (*,1H); 
12,8 (S|1H), SS C~3SB®. 170,95? 170.52? 167,29? 166.35? 160,03? 
XS9.78; 155.84? 154,87? 140,63? 136.76? 12S.49? 128.10? 
113,04? 78.19? 77.36? 66.93; 49.22; 47.70; 46.94; 45.96; 
43.62; 43,3! and 26,25. 

25 

1X&»:LS 38 

3-Boo-amiao-l f 2 -propanediol, 

3 -Amino- 1 , 2 -propanediol (40.00 g, 0.440 mol, 1.0 eq » ) 
was dissolved in water (1000 ml) and cooled to 0«G« Di~ tort- 

30 butyl dicarbonate (115.0 g, 0,526 mol, 1,2 eg.) was added in 
one portion, The reaction mixture was heated to room 
temperature on a water bath during stirring. The pH was 
maintained at 10.5 with a solution of sodium hydroxide (17,56 
g, 0.440 mol, 1.9 eg.) in wat«r (ISO ml). When the addition 

35 of aqueous sodium hydroxide was completed, the reaction 
mixture was stirred overnight at room temperature. 
Subsequently, ethyl acetate (750 ml) was added to the reaction 



mm/mm 



PCr/EP92/0:i2i9 



miseture, followed by cooling to 0*c. The pH was adjusted to 
2.5 with 4 H sulphuric acid with vigorous stirring. The 
phases were separated and the vatar phase was washed with 
additional ethyl acetate {6x350 ml) . The volume of the 
s organic phase was reduced to S00 ml by evaporation under 
reduced pressure . The organic phase then was washed, with a 
saturated aqueous solution of potassium hydrogen sulfate 
diluted to twice its volume (1x1000 ml) and with saturated 
aqueous sodium chloride (1x500 ml). The organic phase was 

10 dried (Hgso;) and evaporated wider reduced pressure to yield 
50.. 12 g (S0%) of the title compound, the product could be 
solidified by evaporation fro® methylene chloride and 
subsequent freezing. *H-mm (CDCh/ms) s d - 1.43 (s f 9H, 
m»0) f 3.2S £m, 2H, m t ) t 3.57 (n, 2K t CH») , 3.73 (m, lH f CH) . 

XS »C~mR (CDCX 3 /TKS)s d - 28.2 <Me s €) , 42.6 fCSy , *3.S> 71.1 
(CHjOK, CHOH), 79,5 (Ke s C} , 157.0 fO»0}* 



2«CBoo~aminorefchYl^alamiiie methyl ester* 

20 3~Boc-a»in©-i, 2-propanediol (20 . 76 g r ®* 2-09 mol , 1 eg> ) 

was suspended in water (150 ml) . Potassium m-periodats (24.97 
g, 0*109 »ol, l eg.) was added and the reaction mixture was 
stirred for a h at room temperature under nitrogen. The 
reaction mixture was filtered and the water phase extracted 

2S with chloroform < 6x250 mi) The organic phase was dried (MgS0 4 ) 
and evaporated to afford an almost quantitative yield of Boo- 
aminoacetaldehyde as a colourless oil, which was used without 
further purification in the following procedure. 

Palladium-on-carbon (10%, 0.8 g) was added to HeOH (350 

30 ml) under nitrogen with cooling (0»C) and vigorous stirring. 
Imhydrous sodium acetate (4*43 g, 54.7 mmol, 2 eqv) and x,~ 
alanine methyl ester, hydrochloride (3. S3 g, 27.4 jaaol, l eqv) 
were added. Bcc-aminoacetaldehyde (4.79 g> 30.1 sasol, 3U1 
eqv) was dissolved in MeOH (ISO ml) and added to the reaction 

35 mixture, The reaction mixture was hydrogenatad at atmospheric 
pressure and room temperature until hydrogen uptake had 
ceased v The reaction mixture was filtered through eel it®, 
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which was washed with, additional HaOH. The MeQH was removed 
under reduced pressure. The residue was suspended in water 
{150 ml) and pH adjusted to 8,0 by dropwise addition of 0.S 
NaGH with vigorous stirring > The water phase was extracted 
S with methylene chloride (4x250 ml) . The organic phase was 
dried (MgS0 4 ) , filtered through ©elite, and evaporated under 
reduced pressure to yield 6.36 q (94%) of the title compound 
as a clear, slightly yellow oil. MS (FAB-MS) s m/® (%) ~ 24? 
(1©©, 3K+3L, 181 (SO) . 14? (18)* 1 H~HJSR (250 &Hg, CDCtj) . 1.18 

10 : (d> 3*7 . 0 Uz f m f Me), 1*36 (S, §H> He^C), 1.89 (b, IB, mh), 
231 (i, XH, CHg), 2.66 <m, lH f CHg), 3.10 {a, 2H f CK g ) , 3.2? 

J«7.0 HE , IRj. CH) , 3.64 fa, 3H f DM©) , 5.06 (b> XH* 
car hamate Nil) « 1S C-MMR. d« 18. S (He), 28.2 (Me 3 C) , 40.1 f 47.0 
(C%), 51.6 (OMe), 56.0 (CH) , 155. 8 (carbamate e~0) , 175.8 

15 (ester OO) . 

EMM 40 
ester* 

20 To a solution of Boc~amino©thyl~(L)~aianine methyl 

ester (1.23 q t 5.0 mmol) in TMF (10 ml) was added Bhht-OB 
(0.90 5.52 maol) and XHbhyminylacetio acid (1*01 q f 5.48 
mmol) . $hen the i~thyBinylaeetic acid wa® dissolved, 
dichloromethans (10 ml) was added and the solution was cooled 

25 on an ice hath, After the reaction mixture had reached 0*C, 
DCC (1.24 q, 6,01 mmei) was added, within 5 min after the 
addition, a precipitate of BCU was seen. After a further 5 
min, the ice hath was removed. Two hours later, TLC analysis 
showed the reaction to be finished* The mixture was filtered 

30 and the precipitate washed with di ehlor omathane (iOGmi) . The 
resulting solution was extracted twice with 5% sodium hydrogen 
carbonate (150 ml) and twice with saturated potassium hydrogen 
sulfate (25 ml) in water (100 ml) . After a final extraction 
with saturated sodium chloride (ISO ml) f the solution was 

35 dried with magnesium sulfate and evaporated to give a white 
foam. The foam was purified by column chromatography on 
silica gel using d ichiorometha ne with a methanol gradient as 
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aleent, This yielded a pure compound (>99% by HPLC) (1.08 9% 
52*4%). Tm-KBt 413 {M+X} a^d 431 (H-M + water). V»R 
(CDClj): 4.52 {s, 2 CB" 2 ) ? 3,73 (s, 3 H, 0Me) ; 3.2-3.6 (m f 
4 H, ethyl CH a -s); X.90 {s, 3 H, Me in T) | 1,49 3 B, He 

5 in Ala, 3N?:.3 B») | 1. 44 (s f S I, Bee) . 

H- CBoo~ami»oethy D 1 l-tftp&i^f lacetyl* ~s,~alanina * 

She methyl ester of the title compound (2.0? g> 5.02 

10 msaol) was dissolwd in »&that»ol (100 ml) , and cooled ©ft an i©« 
bath. 2 M sodium hydroxide (100 ml) was added, After 
stirring for 10 min, the pH of the mixture was adjusted to 3 
with 4 H hydrogen chloride, The solution was subsequently 
extracted with ethyl acetate (3 x 100 ml) . The combined 

15 organic extracts were dried over magnesium sulfate. After 
evaporation, the resulting foam was dissolved in ethyl acetate 
(400 ml) and a £m ml of methanol to dissolve the solid 
material. Petroleum other then was added until precipitation 
started, After standing overnight at ~20*C, the precipitate 

20 was removed by filtration, ffeis gave 1*01 g {SO. 5%) of pure 
compound my HPLC) . fhe compound can be recrystalX is ad 

from 2~propanol, FAB-MS; 399 (mi) * V-KMR (BHSQ^js 11.25 

[ S( i h, coo) ? 7.42 {s, i a, a%is (*, 2 H f CH^); 1,83 

(*, 3 H, He in T) t 1.50-1. 40 (m, 12 K, Ma in Ala * Boc) . 

25 

|a) H~ CBoo-aminoethyl ) — ■ K- £ i-tbyminylacetyl ) 
alanine methyl ester. 

To a solution of Boe»aminoefhyl alanine methyl ester 
30 (2,48 g> 10,1 maaol) in DMF (20 mi) was added Dhbt~OH {1-30 g f 
11.0 mmol) and thyminylacetic acid (2x14 ■ g, XX.Smooi). After 
dissolution of the x-thyminylacetic acid, methylene chloride 
(20 ml) was added and the solution cooled on an ice bath. 
When the reaction mixture had reached 0*C, Dec (2.88 g, 14.0 
35 mmol) was added, Within 5 min after the addition a 
precipitate of DOB. was seen. After 35 min the ice bath was 
removed* The reaction mixture was filtered 3.5 h later and 
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the precipitates washed with methylene chloride (200 ml) » The 
resulting solution, was extracted twice with S% sodium hydrogen 
carbonate {200 ml) and twice with satttrated potassium hydrogen 
sulfate lis water (100 ml), After a final extraction with 
S saturated sodiuxa chloride (2 SO »1K the solution was dried 
with magnesium sulfate and evaporated to give an oil. Jhe oil 
was purified by short column silica gel chromatography using 
methylene chloride with a Methanol gradient as eluemt, *Dbiss 
yielded a compound which was 96% pure according to EPLC (1.05 
10 g, 25.3%) arter precipitation with petroleum ether, FAB-MS $ 

413 {mi} . hi~mm {apci 3 > s s,«4 ( t, i h, bochm, 0*5,8$ Ha) * 

4,5$ (d f 2 H, CH%); 4,35 (q, X H f CH in Ala, JN7.25 B*} ; 
3.74 (s, 3 H, OHe); 3*64-3*27 (m, 4 h% ethyl H"s)j 1*90 (s, 
3 H, Me in fc} | l. 52-1.44 (t> 13 B f Boc+Me in Ala). 

15 <b> h- | soo-ami&eethyl) { l~thyminyiaeetyl) ~a»al«nin* 

The methyl ester of the title compound {137 g, 3. Si 
wmoI) was dissolved in methanol (100 ml) and cooled on an ice 
bath. Sodium hydroxide (100 ml? 2 M) was added. After 
stirring for 10 :min the pH of the mixture was adjusted to 3 

20 with 4 K hydrogen chloride. The solution then was extracted 
with ethyl acetate (3 x 100 ml). The combined organic 
extracts were dried over magnesium sulfate. After evapora- 
tion, the oil was dissolved in ethyl acetate {200 mi) . 
Petroleum ether was added (to a total volume ©f 600 ml) until 

25 precipitation started. After standing overnight at ~30»C, the 
precipitate was removed by filtration. This afforded 1,02 g 
(67.3%) of the title compound, which was 94% pure according 

to KFLC. FAB-MS: 399 (K+l) . 'hHHMR; 11.34 {s, 1 H, COOH) ? 
7.42 (s f J H, H" & } -; 4.69 (a, 2 H, CH'g) ; 4,40 (q, 1 H, CH in 
30 Ma, 3-7.20 Hz); 1,83 (& f 3 B, Me in T) ; 1,52-1.40 (m f 12 U t 
Boc + Me in Ala) , 



EXZtti&bB 43 

M- (H*-BcMs-s*-aai»oprepyl}-H-(; Cl~tfcyminyl> acetyl 3 glycine methyl 

K~(M'~Eoc~3*~aminopropyl) glycine methyl ester (2,84 g, 
0.011S mol) was dissolved in DMF (35 ml), followed by addition 
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ClibtOH (2*07 g, 0,0X2? mol) and l-thyisinyXaeetic acid (2,34 
g, 0.0127 mol). Methylene chloride (35 ml) was added and the 
mixture cooled to 0*C on an ice bath. After addition of DOC 
(2*85 g, 0,0138 »ol), the mixture was stirred at 0*e for 2 h, 
5 followed by X fa at room temperature, ' The precipitated BCU was 
removed by filtration, washed with methylene chloride (<25 ml) , 
and a further amount of methylene chloride (ISO mi) was added 
to the filtrate* 'fhe organic phase was extracted with sodium 
hydrogen carbonate (X volume saturated diluted with 1 volume 

10 water, 6 x"250 ml), potassium sulfate {I volume saturated 
diluted with 4 volumes water, 3 2S0 sal} , and saturated 
aqueous sodium chloride {1 x 250 ml) , dried over magnesium 
sulfate. , and evaporated to dryness, in vacuo. The solid 
residue was suspended in methylene chloride (35 ml) and 

IS stirred for ih. The precipitated OCX? was removed hy 
filtration and washed with methylene chloride (25 ml) . The 
filtrate was evaporated to dryness, in vacuo, and the residue 
purified fey column chromatography on silica gel, eluting with 
a mixture of methanol and methylene chloride (gradient from 

20 3-7% methanol in methylene chloride) * This afforded the title 
compound as a white solid (3.05 g, 64%)* M.p. . 76-79«C 
(decomp,). toal. for C t8 H^O ?J found (calc.) C* 52.03 (52.42) 
Et 6.90 (6,84) N: 13.21 (13.58), The compound showed 

25 

W~ <H'-Boc-3 ' -sminoprepyl) HB~ £ { X~thyminyl } acetyl) glycine , 

H~ (H ' -Boc~3 ' -aminopropyl ) ~8~ [ ( 1 -thyadny 1 ) acetyl 1 glycine 
methyl ester (3,02 g, 0.00732 mol) was dissolved in methanol 

30 (25 ml) and stirred for X.S h with 2 H sodium hydroxide (25 
ml) . The methanol was removed by evaporation. In vacuo, and 
pH adjusted to 2 with 4 M hydrochloric acid at G*C. The 
product was isolated as white crystals by filtration, washed 
with water (3 x 10 ml) , and dried over sieapent, in vacuo, 

35 yield 2,1.9 g {75%) . Anal., for C 1? H 2 ^0 ? , H 2 0, found (ealc.) C; 
49.95 (49,03) H; 6,47 {6.29} i*: 13,43 (13*45), The compound 
showed satisfactory *H and t3 CHSKR spectra. 



WO 92/20702 



FCT/EP92/01219 



3»U-T&fmin2fl)~|ssropa.a«i« moid ssethyl ester. 

Thymine (14.0 g, 0.11 niol) wss saspersdsd in methanol. 
Methyl aery late (39,6 ml, 0.44 mol) was added f along with 
5 catalytic amounts of sodium hydroM.de, stui solution was 
reflwaaad in the dark for 4S :h # evaporated to dryness, Ijj 
* vacuo, and the residue diss©Xv«d it* Bethanel (S »1) with 

heating. After cooling on an ice bath, the product was 
precipitated toy addition of ether (20 ml), isolated fey 
10 filtration,, " washed with ether (3 x IS ml) , and dried over 
sicapent, in vacuo. Yield 11,23 g (48%) x M.p» ii2~i.lf*e. 
Anal, for c^i J2 H 2 0 (U found fealc.) c: 51.14 {50.94} H: 3.78 
{5.70} H; 11,52 (13,20). The compound showed satisfactory 1 H 
and 13 C«NMR spectra. 

15 

3- 1 i-Thyminyl) -propanoic acid* 

3 ~ ( i~Thyminy 1 ) -propanoic aoid methyl ester (l<0 g, 
0*004? mol) was suspended in 2 M sodium hydroxide (15 ml), 

20 boiled for 10 Bin. The pH was adjusted to 0,3 with cone, 
hydrochloric acid. The solution was extracted with ethyl 
acetate (10 x 25 ml} . The organic phase was extracted with 
saturated agueous sod™ chloride, dried over magnesium 
sulfate, and evaporated to drpiess f in vacuo, to give the 

25 title compound as a white solid (0.66 g, 71%). M.p, ixs- 
121*C. Anal, for e s H 10 %O 4 , found (caic.) Cs 48.38 (48.49) m 
S..09 (5.09) m 13.93 (14.14), The compound showed satisfac- 
tory 1 H and "c-!W spectra. 

30 EXS&p&s 47 

H- 1 M * -B*>c«-*»i»o* thy 1 } -k~ C C l ~ thymiay I. ) oropanoyl j glycine ethy 1 
ester* 

if-CH'-Boo-aaiiibetbyl) glycine ethyl ester ( 1. 0 g , 0, 0041 
mcl) was dissolved in DMF (12 ml). DhhtOH (0,73 g, 0.0045 
35 mol) and 3-~(l-»~thyjsinyl}™propanoic acid (0.89 g, 0,0045 sol) 
were added. Methylene chloride (12 ml) them was added and the 
mixture was cooled to 0*c on an ice bath. After addition of 



WO 



pcr/Ewn/min 



SCC (1*01 g, mol) # the mixture was stirred at 0 a C far 

3 h r followed lay 1 h at room temperature. The precipitated 
OCCf was removed fey filtration, washed with methylene chloride 
|2S and a further amount of Methylene chloride (50 ml) 

S was added to the filtrate, *£he organic phase was extracted 
with sodium hydrogen carbonate (1 volume saturated diluted 
with i volume water, 6 x ISO ml), potassium sulfate (1 volume 
saturated diluted with 4 volumes water, 3 x 100 ml), and 
saturated aqueous sodium chloride (1 x 100 al) r dried over 

10 magnesium sulfate, and evaporated to dryness ^ in vacuo. The 
solid residue was suspended in methylene chloride (15 ml) f and 
stirred for Ifeu The precipitated DC0' was removed fey 
filtration and washed with methylene chloride. The filtrate 
was evaporated to dryness , In imcuo, and the residue purif ied 

15 tv column chromatography on silica gel, eluting with a mixture 
of methanol and methylene chloride (gradient from 1 to 0% 
methanol in methylene chloride). This afforded the title 
compound as a white solid (1.02 g, 59%}* Anal, for fyjfcjfi/pr, 
found (c&lc.) C; S3, IS (53.51) BE? 6,90 (7.09) St? 12.76 

20 (13.13} . The compound showed satisfactory % and u c-m 
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»- CH'HBoo-amiaofttbyl) -*-f < i~thymiayi ) propanoylj glycine * 
25 H- (N^Boc-aminoethyl) -K~[ (l-thyjainyl) propanoyl] glycine 

ethyl eater (0.83 g, 0,00195 aol) was dissolved in methanol 
(2S sodium hydroxide (25 ml; 2 «) was added. The 

solution was stirred for 1 h. The methanol was removed by 
evaporation, in vacaa, and the pH adjusted to 2 with 4 K 
30 hydrochloric acid at 0*c. The product was isolated by 
f iltration, washed with ether (3 x IS ml), and dried over 
sicapent, in vacuo. yield 0.709 g f §3%). K-p. 213 "C {de- 
cs*?.}. 
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taiib~Butyl™4~nItr©phenyl carbonate (X) (lo,o g; 0,0418 
vtol) dissolved in MF (SO ml} was added dropwisa over a period 
5 of 30 saift to a solution of stoylen'adiamine (27.9 ml? 0,418 
mol) and IMF (59 ml) and stirred overnight. The mixture was 
evaporated to dryness, in vacuo, and the resulting oil 
dissolved in water (250 ml) , After cooling to 0*0% pS was 
adjusted to 3.5 with 4 H hydrochloric acid* The solution than 

10 was filtered and extracted with chloroform (3x250 ml) , The 
pB was adjusted to 12 at o a c with 2 m sodium hydroxide t and 
the aqueous solution extracted with methylene chloride (3x300 
ml) , After treatment with eat, aqueous sodium chloride (250 
ml) » the methylene chloride solution was dried over magnesium 

is sulfate. After filtration, the solution was evaporated to 
dryness, in vacuo, resulting in 4,22 g (63%) of the product 
(oil). VhKE ($ © MBEs ; CDClj)* ft; 44 (S, $m$ 2,87 <t, IE) I 
3,1 <q, SH); 5.62 (#, fcr oadj . 

Cl?~Boc»a38ino«thYiJ^««&laBiste methyl ester, aci. 

Mono-Boc-ethylenediaisine {2} (16,28 g? o»X02aol) was 
dissolved in acetonitrile (400 ml) and austhyl aery late (Si, 50 
mi; 1,02 mol) was transferred to the mixture with acetonitrile 

25 C200 ml) . The solution was ref luxed overnight under nitrogen 
in the dark to avoid polymerisation of wetfcyl aery late. After 
evaporation to dryness, in vacuo, a mixture of water and ether 
(200 <f 200 ml) was added, and the solution was filtered and 
vigorously stirred. The aqueous phase was extracted one more 

SO time with ether and then freeze dried to yield a yellow solid, 
Recrystallissatlon from ethyl acetate yielded ,13,09 g (46%) of 
the title compound. M,p, X36~X40*e, Anal, for c^H^N^Cl, 

found (calo.) Cj 46.49 (46.72} Hs 8,3S (6,20) N": 9.83 (9.91) 
CI: 12,46 (12.54), VHMR {90 KHz; DKSO-a^) s £ 1.30 {a, SH) ; 
35 2,9 (a, 8H}| 3,64 {a, 3H) , 
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{^mc~m%m^mi)"$^^*i® metfey! ester, HCI (3) 
5 (2,0 g? 0. 0071 moX) 'sad " X~tk3?minylacetic acid 
pantafluorophenyl eeter (5) (2. £28 g? 0.00812 mc-1) were, 
dissolved in OMF (SO al) « ^riethyl amine (1,12 ml? 0.00812 
mol) was added and the mixture stirred ovsroie-ht. After 
addition of methylene chloride ml) the organic phase was 

10 extracted with aqueous sodium hydrogen carbonate (3x250 ml) f 
ha If -sat. agaeous potassium hydrogen sulfate (3x250 ml) , and 
sat* aqueous sodiuia chloride (3§0 ml) and dried over magnesium 
sulfate. Filtration and evaporation to dryness, ' la va<s&o :t 
resulted in 2,9 g (99%) yield (oil), 1 BHKHR (250 MHS| CDC1 $ ) ; 

IS due to limited rotation around the secondary amide several ®£ 
the signals were doubled? 8 1,43 (s, 9H) ; 1.88 (s, 3H) ? a. 63 
<t, iH)? 2,74 <t, IE); 3,25~3*SS (4Xt, 8B) ? 3*«§ P3£t, 2H) ; 
3.66 (a, 1.S5? 3.72 (*, 1.5U 4.61 (s, IK); 4.72 (8, 2H) Jf 5.S9 
(S, 0.5H) ? S.96 (S, 0.5H}? 7,11 (s, XH) ,* 10.33 (S, IH) , 

20 

K~ | a-1?hyminyi) acatylj ~H* -.8oe-amiao«tljyl-^-«laaia« . 

N- [ {l-Thyainyl.) acetyl] ~N ? ~Boc~ asu n oethy 1 ~jS ~a lanine 
methyl ester (3.0 g; 0,0073 mol) was dissolved in 3 M sodium 

35 hydroxide (30 ai), the pE adjusted to 2 at 0«C with 4 M 
hydrochloric acid, and the solution stirred for 2 h, The 
precipitate was isolated by filtration, washed three times 
with cold water, and dried over sieapent, in racno. Yield 
2.23 q (77%), M,p. X70~X76<>e. Anal, for C 1? H^O ?f H 2 0, found 

30 (eale,) C: 43.49 (49.03) Us 0.31 (S,7S) ft; 13.84 (13.45), V 
mm. (90 WSz; DKS0~"d 6 ); S 1.38 {&, 9H) ? 1*76 (S, 311} ? 2,44 and 
3,29 (m # 8H); 4,55 <s, 2H) f 7.3 (s, IH) J 11*33 (s f 1H| - FAB- 
MS; 3539 (M41), 
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S3 

K*t ti« CH*~B ) ~eyto«yl) acetyl ]f~SF ~B®c-am£moataj l»jS-*la»i »• 
methyl aster » 

(K~Boc~anino~ ethyl ) ~# -alanine methyl ester, HC1 (3) 
5 (2.0 g; 0.007.1 and 1~ (8-4-Z) -cytosylacetic acid 

pentafiuorophenyl ester (S) (3-313 g; 0.0071 mol) were 
dissolved in DMF (SO 3§M, ITri&thyl amine (0,09 ml? 0.0071 
mol) was added and the miacfcure stirred overnight, After 
addition of methylene chloride (200 mi) , the organic phase was 

10 extracted with aqueous sodium hydrogen carbonate {3x250 ml)* 
half -sat. aqueous potassium hydrogen sulfate (3x250 ml) and 
sat, aqueous sodium chloride (250 ml), and dried over 
magnesium sulfate. Filtration and evaporation to dryness, in 
iramo-, resulted in 3.36 g of solid compound which was 

15 reorystailised from methanol* yield 2.42 g (64%). H.p, 

!6£*e. Anal, for %%H s O & , found (calc.) Cs S9*X9 (56.49) Hi 
6. IS (6,26) N; 12,36 (13.18), 'B-HKR (250 MHz; COClg) s due to 
limited rotation around the secondary amid© several of the 
signals ware doubled ; S 1,43 («, OH); 2. 57 (t, 1H) ; 3,60-3.23 

20 (»*s, 6H); 3,60 <s, 1,5H); 3,66 (s, l.SH}? 4.80 {s, 1H) ; 4,88 
<B, lH)f S.20 (s f 2H); 7.80-7,25 (m*s, 7H) . FAB-MS? 532 

54 

2S Si* £ f 1- CB*H*1 -oy tosyi) acetyl! ~Boe~maiaoethy l-S-aXamiaa , 




tf- I ( 1— (H-4HB) -cytosyl ) acetyl J -N ' ~Boc-a»inoethy 1-0- 
alanine aetbyl ester (0,621 g? 0.0012 mol) was dissolved in 
2 M sodkis hydroxide {s„3? ml) and stirred for 2h, 
Subsequently f pH was adjusted to 2 at 0°C with 4 H 

30 hydrochloric acid and the solution stirred for 2 h« The 
precipitate was isolated by filtration,, washed three times 
with cold water, and dried ever sieapent, in vacuo, Yield 
0,326 g (54%). The white solid was recrystallised from 2- 
propanol and washed with petroleum ether . Hp, 163 »c (decomp . ) , 

35 Anal, for C^H 31 N 5 O gf found Coalc.) Cs 49.49 (40.03) Hs 6,31 
(6,78) N: 13.34 (13.45). ! H»W (250 RHs; CDClj) ! due to 
limited rotation around the secondary amide several of the 
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signals were doubled; £ 2.40 (s # §H) ; 2.S? (t, 1H) ; 2.65 (t, 
1H}? 3,60-3.32 (M>S f €«U 4.«S <«, *H) ? 5 « 21 
2K); S.71 <*, W* toad); 7.99-7,35 (la's, 7H) » FM«s §18 

mm ■ 

%xmpl® of » fmh<»eligomer with a guanine residue 

m B®li&~m&m Synthesis of IRKMig J S -£«»«S3*I»SFJ^ 

10 The protected FHA »s assembled onto a Boc-I»y»CC12) 

modified MBHS. rosin with a substitution of approximately 0.13 
ssmol/g (determined by quantitative Hirihydrin reaction) * 
capping of uncoupled amino groups was only carried out before 
the incorporation of the BooSaeg~0B monomer. 

m, C synthetic protocol! 
Synthesis was initiated on 102 sag (dry weight) of 
preswollsn {overnight in PCM) and neutralised Boc-Lys(ClZ)- 
MBHh resin. She steps performed were as follows. {1} Boc- 
20 daprotecticn with TFA/DCK (l:l f V/v ) , 1x2 min and 1 x 1/2 
fa, 3 ml| (2) washing with DCM, 4 X 20 sec., 3 ntj cashing with 
DMF, 2 x 20 see, 3 ml; washing with DCM f 2 x 20 sec, 3 mi* and 
drain for 30 sec? (3) neutralization 

with 0ISA/DCM {1;12 v/v}, 2 x 3 min, 3 mi; (4) washing with 
2S mm, 4 x 20 sec, 3 ml, and drain for 1 min.? (5) addition of 
4 aguiv. diisopropyl earboaiimide (0,06 waol; 9.7 Ml) and * 
aquiv. {0,06 ramol; 24 sag) BocTaeg-OK or (0.06 maol; 30 mg) 
EoeGaeg-OH dissolved in 0*6 ml DCM/DHF {1:1, v/v) (final 
concentration of monomer 0*1 M) , the coupling reaction was 
30 allowed to proceed for 1/2 h shaking at room temperature; (6) 
drain for 20 sec,; {7} washing with IMF, a x 20 sec and 2 x 2 
min, 3 mi; washing with DCM 4 x 20 sec, 3 ml? (8) 
neutralization with 01E&/BCH (is 19 v/v)., 2 x 3 min, 3 ml? (9) 
washing with DCM 4 x 20 sec, 3 ml, and drain for 1 min, ; (10) 
3 5 qualitative Kaiser test; {11} Mocking of unreached amino 
groups by acetylation with Acp/pyridine/DCM (1:1? 2, v/v)* 1 
X 2/2 h, 3 mi? and {12) washing with DCM, 4 x 20 sec, 2 x 2 
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min and 2 x 20 S6c, 3 ml* Steps 1-12 were repeated until the 
desired sequence was obtained. All qualitative Kaiser tests 
were negative (straw- veilow colour with no coloration of the 
beads) indicating near 100% coupling yield. The FMA-oligomer 
5 was cleaved and purified by tfee aora&l procedure. FAB-MS s 
2832.11 [M*+X] (caic* 2833.15} 

8elia«&fea8a synthesis of Kysa«g«Aa«ff-E»a^3 f «j,y»-«a5,, 
10 (a) ' Stepwise Assembly of 8oe-*a«g-A{2)a«g-['ra»gj,~ 

hysitim^mm 3fc*sift. 
About 0.3 g of wet Soc~[Taeg} $ ~Lys{CiS)~HBHA resin was 
placed in a 3 ml SPPS reaction vessel, B©c~Taeo~A(£)aag™ 
[TJM»g} t -Lys{ClZ}-HBH^ resin was assembled by In situ DCC 
IS coupling (single) of the A(Z)aag residue utilising 0,19 H of 
EdcAf2;)aag~0H together with CIS M »CC in 2,5 ml 50% DMF/CE,C1 : 
and a single coupling with 0.15 M BocTaeg-OPfp in neat €B S C1 S 
£ Synthetic Protocol 5") . &« synthesis was monitored by the 
quantitative ninhydrin reaction, which $tom$ shout 50% 
20 incorporation of A(2)aeg and about 96% incorporation of Taeg. 

Cb) Cleavage, Purif icaiiom* and Identification of H- 

Taeg~Aaeg~ t$kmh<»&¥®~®%s* 
The protected Boc~Taeg-A{2)aeg-[Taegj s -bys{ClS}"BAH 
resin was treated as described in Example 40c to yield about 
25 is* 6 mg of crude material upon HF cleavage of 53.1 lag dry H» 
Taeg-A{Z)aeg-[Ta^3^X,^(C^2j*«a& resin. The main peak at 
14.4 min accounted for less than 50% of the total abaorbance. 
A 0.5 mg portion of the crude product was purified to give 
approximately 0*1 mg of HHfaeg-Aaeg-(Taeg3,-Lys-in^. For 
30 {MH+) A the calculated m/a value was 2S1S.1S and the measured 
m/s value was 2816.28. 

Co| Synthetic fretoool § 

(1) Boc-depr ©taction with TFA/CH,C1, ( 1 x l , v/v) , 2.5 ml, 
3x1 min and 1 x 30 mini (2) washing with CH S C1,, 2,5 ml, 6 
35 x X min; (3) neutralisation with VXEh/CH&h {1: IS, v/v), 2,5 
ml, 3x2 min? {4} washing with CH S C1 3 , 2.5 ml, 6x1 min, and 
drain for 1 mm; (S) 2-5 mg sample of Pi*A~resin is taken out 
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and dried thoroughly for a quantitative ninhydrin analysis to 
determine the substitution? (6) addition of 0*4? mmoi (0.25 
g) Boc&(Z)aegH3H dissolved in X*2S ml SMF followed by addition 
of 0.4? nol (0.1 g) DCC in i«25 ml CE.Cl, or 0,36 mmol (0«20 
S g) BoeTaeg-OPfp in 2-5 ml O^Cl 2 $ the coupling reaction was 
allowed to proceed for a total of 20~g4 hrs shaking? (?) 
washing with DSHF, 2*5 ml, 1x2 min? (8) washing with C^qi„ 
2.5 ml, 4 x l min; <S} neutralisation with DXEa/CHjCI* (is is, 
y/v), 2.5 mi, 2x2 min; (10) washing with CH s Cl 3f 2.5 ml, 6 

10 x 1 min; (11) 2-5 mg sample of protected PNA~resin is taken 
cot and dried thoroughly for a quantitative ninhydrin analysis 
to determine the extent of coupling; {12} blocking of 
unreactea amino groups by acefylation with a 2S »1 mixture of 
acatde anhydride/pyridina/CT 2 Cl a (liiss, v/v/v) for 2 h (except 

IS after the last cycle); and (13) washing with <$&U* 2,S ml, 
6 x 1 min; (14) 2 x 2-5 mg samples of protected »~resin are 
taken out, nsutfcaliarad with ntm/mM? (U Ik* v/v) and washed 
with CSjClj for nimhydrin analyses. 

IOli&~Shase synthesis of H-t^aegj J! ^aag»C^egj ii -hys~irH 3 « 

(a) stepwise Assembly of Boe-£3Paeg3,-A(a)a«^-£ff*«g3 s « 

bys (CIS ) Resin. 
About 0,5 g of wat Boxs- £Taeg3/~Lys (CIS) resin was 

25 placed in a 5 mi SPPS reaction vessel. Boc<-CTaeg3^ACS)aeg-~ 
[Taeg J 5 -~Lys (CVZ ) -HBHA resin was assembled by in situ DCC 
coupling of both the A{S)aeg and the Taeg residues utilising 
0,15 M to 0.2 H of protected Pffl monomer (free acid) together 
with an equivalent amount of DCC in 2 ml neat CK 3 Cl a 

30 C«Syntbetic Protocol. £«} . The synthesis was monitored by the 
Quantitative ninhydrin reaction which showed a total of about 
82% incorporation of A(£)aag after coupling three ' times (the 
first coupling gave about 50% incorporation; a fourth HOBt- 
mediated coupling in 50% BMF/CH2C12 did not increase the total 

35 coupling yield significantly) and quantitative incorporation 
f single couplings) of the Taeg residues. 
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0») Cleavage, l?isri£io&ti©n # and Identification of H~ 

The protected Boo-CTftegJj-ACZjaeg-rTaegJj-Lys (CIS) HBHA 
resin was treated as described in E&ampls 40c to yield about 
5 16, a mg of crude material upon HF cleavage of 102. 5 mq dry H~ 
[Ta^h-A(Z)aeg-CTaa93^l»y»{C12!}-BH& reain, A small portion 
of the oruda product was purified* For (MSf ) % the calculated 
m/s wine was 2850.85 and the Measured n/z mine was '2050.90 
(©> Synthetic Protocol S 
3-0 (1) B©o~dapretoetion with WA/CH S C1 2 v/v), 2 sal, 

3x1 mis and i x 30 min? (2) washing with CE,ei ?f 2 ml, € x 
1 minj (3) neutralisation with DiEA/CH^ci, (i: is f v/v), 2 sal, 
3x2 min? (4) washing with CH S C1 2 , 2 ml, 6 x 1 and drain 

for i min; (5) 2-5 mg sample of FNA-resin was taxen out and 
■■IS dried thoroughly for a quantitative ninhydrin analysis to 
determine the substitution; {6} addition of 0, 44 ismo! (0*23 
g) Boc&{S)aeg~©H dissolved in 1,§ ml CB*£1 S followed by 
addition of 0.44 jpsoi {0,09 g) DCC in 0.5 ml Cl 3 Clj or 0,33 
Mnol (0,13 g) BocTaeg~0H in 1.5 ml CHpl s followed by addition 
20 of o,33 m&al (0*07 g) Dee in O.s ml CH S C1^ ? the coupling 
reaction was allowed to proceed for a total of 20-24 hrs with 
shaking? {?) washing with dkf, 2 ml, 1x2 min? (8) washing 
with CH,Cl 3f 2 ml, 4 x 1 min? (9) neutralization with 
DIEa/CHjCL, <i: 19, v/v), 2 ml, 2x2 min? (10) washing with 
25 CE 3 Ci 3 . ( 2 ml, 6xl min; {11} 2-3 mg sample of protected 

resin is taken out and dried thoroughly for a quantitative 
ninhydrin analysis to determine the extent of coupling? {12 ) 
blocking of unreached aaino groups by aeetylation with a 25 
ml mixture of acetic anhydride/pyridine/CH s Cl s (isi;2, v/v/v) 
30 for 2 h {except after tee last cycle); (13) washing with 
CH,ci s/ 2 ml, 6X1 min? and (14) 2 % 2~S mg samples of 
protected PNA~resin were taken out, neutralised with 
BXEA/CH S C1 S (It 19 , v/v) and washed with CB 2 C1 S for ninhydrin 
analyses . 



wo mmmn 



The PHA-oligowar H~T4€2TCT~Ly®NH £ was prepared as 
described in Example §3. Hy&ridisation experiments with this 
sequence should resolve the issue of orientaticn* since it is 
5 truly asymmetrical. Such experiments should alee resolve the 
issues of pH^ependeuoy of the Tm, and the stoiohicnnetry of 
complexes formed. 

Hybridization experiments with the M~ol.igomer H- 
T 4 e^CTC~LysMH 2 were performed ae follows s 
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* '..pained by~v-*ix*ng curves 



30 - - not determined 

These results show that a truly mixed sequence gave 
rise to veil defined melting curves. The PMA-ollgomars can 
actually bind in both orientations (compare row 1 and 4 } ., 
35 although there is preference for the N-fcer»inal/5*~ 
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orientation* introducing e single mismatch opposite either 
f or C caused a lowering of T tt by more than x«*C at pH 7.2? at 
pH 5*0 tbe T 5 ~ value was lowered, more than 27 *C* This snows 
that there is a very high degree a sequence-selectivity which 
5 should he a general feature for all'PBA C/T sequences.. 

As indicated above, , there is a very strong pH~ 
dependeney for the T K ~valne, indicating that Keogsteen 
fcasepairing is important for the formation of hybrids, 
Therefore, it is not surprising that the stoichiomatry was 

10 found to ba "zst. 

Tne lack of symmetry in the sequence and the very large 
lowering of t„ whan mismatches are present show that the 
Watson-crick strand and the Hoogsteen strand are parallel when 
bound to. complementary DH&* This is true for both of the 

IS orientations, i*e*, 5VM~terminai and 3 ' /^-terminal * 



The results of hybridization experiments with H-TjST,- 



bysHHi to were performed as follows* 
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As shown by comparing rows X f 3, and 6 with rows a, 4, 
30 5, ana 7, Q can in this mode discriminate between c/A and g/T 
in the Dim-strand, i.e., sequence discrimination is observed* 
Tne complex in row 3 was furthermore data-mined, to be 2 PH&s 
I DBA complex by W~mixihg curves* 
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The- miw> of Me ^tfeesi^ PNA-oligoia. 
determined fey FAB saass spectrometry, as follows; 
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Hybridisation data 
unit with an extended bad 
is as follows: 


for & FNA-aHgoser with a single 
cbone (the Alanine wodi* ication) 




. ■ ■-■ _ 


3*- 


H'T TftZ LysnH, 





«*« 




J<Ms* 


~ - 




ja&k(*3> 








«*c 









25 Although the melting temperature decreases, the t 
demonstrates that base specific recognition is retained, 
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An example with a »ito base" substitution. 
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30 AS $tg portion of Tyr-HSfA-^c^-Lys-NHj is dissolved la 

40 til 100 m Na-phospfcate, pH ?.0-» and 1 »Ci Ha 13 X and 2 p,l 
chloramiae~T (SO bM in CU S C®} are added „ The solution is left 
at 20*e for i© min -mad- then passed i&rongh a 0.5 + S cm 
Sephadex 610 column- The first a fractions (100 til each) 

3S containing radioactivity are collected a»<t purified toy HPLCs 
reversed phase C-18 using a '0-60$ CHjCN gradient in 0.1% 
CF 3 C00H in H g Q» The m x-mK elates right after the PMA peak. 
The solvent is removed under reduced pressure. 
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Binding of to double stranded m& targats 

A mixture of 200 ops ^labeled SeoRX-i>vuXX fragment 
5 (the large fragment labeled at the 3*~end of the site) 
of the indicated plasmia, 0.5 w carrier calf thywus mh, and 
300 ng PNA in 100 ^1 buffer (200 ssM HaCI, 30 ssM Sa-acetat*, 
pH 4*S, 1 m 3nS0 4 ) was incubated at 37*6 for 120 aft*. A SO 
unit portion of nuclease S t was added and incubated at 20°C 

10 for 5 mliu '<Bm reaction was stopped by addition of 3 Ml 0,5 
H BW& and the Dm was precipitated by addition of 2S0 pi 2% 
potassium acetate in ethanel. Tha DHA was analysed by 
electrophoresis in 10% poiyaeryiamide sequencing gels and the 
radiolabeled » bands visualised by autoradiography* 

IS The target plassdds vera prepared by cloning of the 

appropriate oligonucleotide* i«to pUCXO. Target oiigo- 
nucleotides S&TCC&^G & &ATCCT 1§ & cloned into the Bmnm site 
(plasmid designated jmp).- Target %<S%s oligonucleotides 
T€S&er 4 Cl s G a TCGAC^^S cloned into the Sail site (plasmid 

20 pT&C). Target A g GA g £A 4 : oligonucleotides GA^eft^VGCA £ 
<ST 4 0T 2 CT ? C1'GCA into the PstX site (plasmid pT8C2) . The 
positions of the targets in the gel are indicated hy bars to 
the left. A/G is an fc* sequence ladder of target PX0, 



inhibition of restriction vaBfmt cleamge by mk CFigure 23 J , 
A 2 i&q portion of plasmid pTIO was mixed with the 
indicated amount of t>m~T w in 20 Ml TS buffer (10 m Tris- 
Ml, 1 m SDTAf pH 7.4) and incubated at 37»€ for 120 min. 2 
30 Ml 10 x buffer (10 sK Tri*-HCl, pB 7.S, 10 rM, MgCV 50 mM 
SfaCl, 1 m mm • P*#XX (2 units} and Bmmt (2 units) were 
added and the incubation was continued for SO »in. The DMA 
was analysed by gel electrophoresis in 5% polyacrylamide and 
the OHA was visualised by ethidium bromide staining. 
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Siaaties: of - dsum str&ad displacement complex 

fer«atie;& CFlgure Z%U 

A mixture of 280 ops ^-labeled J?c©Kl~m«X fragment 
5 of pTIO (the large fragment labeled at the 3 * -end of the EcoRI 
site) * 0»S carrier calf thymus and 300 sag of .$8&~T t0 - 

LysHHg in 100 ftl buffer (200 ®M KfaCl, SO »K tfa-acetate, pH 
4 . 5 , 1 iaM 2nS0 4 ) ware incubated % at- 37*0* At the times in- 
dicated, SO 0 of s t nuclease was added to each of 7 samples 

10 and incubation was continued for 5 min at 20*0, The DMA was 
then precipitated fey addition of 250 #1 2% K~aeatate in 
athanol and analysed fey electrophoresis in a 10% polyacryla- 
aide sequencing gel, The amount of strand displacement 
complex was calculated from the intensity of the ^-cleavage 

IS at the target sequence, as aeasor&d fey densitometry scanning 
of autoradiography . 

stafeiXity of mh-mtm «s«aplexes (Figure 22). 

20 A mixture of 200 ops 32 P-~pT10 fragment, 0.5 #g calf 

thymus mh and 300 ng of the desired mth (either T w -LyaNHj,, 
f^LysHHg or T^&ysHSy was incubated in 100 *tl 200 mM Nad, §0 
m Sa-acetate, pH 4,5, l m ZnSQ 4 for 60 Mn at 37«€, hi #g 
portion of oligonucleotide SWC^S was added and each sample 

25 was heated for 10 ssin at the temperature indicated., cooled in 
ice for 10 isin and warmed to 28 6 C, A 50 IT portion of S, 
nuclease was added and the samples treated and analysed and 
the. results quantified. 

30 BIAMI^I m 

XaMMtioa of Transcription fey PHA 

A fixture of 100 ng piasmid DMA ■ (cleaved with 
restriction enayme PvuZX (see below) and 100 ng of PHA in 15 
pi 10 m Tris-HCX* 1 m «!,. pH 7.4 was incubated at 37 «C for 

35 €0 min. Subsequently, 4 £1 5 x concentrated huff ex (0.2 M 
Tris-BCl <pH 8.0) f 40 mM HgCl 2 , 10 m spermidine t 125 mM: Had) 
were mixed with 1 til HTP~»iat (10 mM ATP, 10 m CTS\ 1.0 mK GTP f 



mm/mm 



l m& OT, 0.1 pci/pl Vwp, S mM mT t a ^g/ml -cHHA,, 1 /ig/ssi 
heparin) and 3 unite » polymerase, incubation was continued 
for 10 min at 3?«e* ^hs m& was then precipitated by addition 
of 60 #X 2% postassium acetate in §6% athanol at -2.0 *C and 
S analyasd by electrophoresis in 8% polyaerylamide sequencing 
gels* m& transcripts were visualised by autoradiography* 
The following piasmids were used? pT8C2~KS/pA8G2~«Ss 
oligonucleotides £& 2 £A 2 GA s GT<mc & ^CTgCfgCTSCm cloned into the 
mtX site of pBluescript~K5*? pTl0™KS/pAX0»KS {both 

10 orientations" of the ins«** were obtained)* pTXQmst 
oligonucleotides GATeCA 1£} £ & G»,fCCT 10 G cloned into the BajaHX 
site of a pUClS derivative in which the lae W5 .£.ca2i 
promoter had been cloned into the Eacm. site (Jeppesen, at 
«!., mtsleie tic&ds Mos.t »S4S) . 

IS Using %~3SHh polymerase,, transcription elongation 

arrest was obtained with Pim~TgCg~LysNH 2 and the pA8G2-KS 
plasmid having the recognition sequence on the template 
strand, but not with js$»C2~KS having the mk recognition 
sequence on the non-template strand. Similar restslts were 

20 obtained with PHA~T10-~bysMl% and the plasmids p&xtNSCS and 
pmcHKS* (mm, Figure 2S) using M*col± m& polymerase and the 
pT10UV5 plasmid (h aV -sequence on the template strand) 
transcription elongation arrest was obtained with PNA~T W - 

as 

Biological stability of "SSBk 

A mixture of PMA-T S (10 jug) and a control, "normal" 

peptide (10 p%) 40 Ml SO m Sris-HCI, pH 7.4 was treated 
30 with varying amounts of peptidase from porcine intestinal 

mucosa or protease from Strephomyces caespitosus for 10 min 

at 3?*C. fhe amount of PMh and peptide was determined toy BPLC 

analysis (reversed phase OlS column: 0-60% acatonitrile, 0.1% 

trif Inoroaoetic acid) <- 
3§ At peptidase/protease concentrations where complete 

degradation of the peptide was observed {no BP&C peak) the PHA 

was still intact, 



WO 



~i®3» 

70 

inhibition ©f &wpm Egression 

A prefexr«a assay bo test the ability of peptide 

nuclei© acids to inhibit wiiwmloa of the 12 mBH& of 
5 papillomavirus is based on the well-documented transact! vation 

properties of Esu Spalholts, at ai», j» Fiml., iff?, SI, 

2138-213?, A reporter plasMid (ESftBCAT) was constructed to 

contain the 12 renponslve element, which functions as an E2 

dependant enhancer, E2RECM? also contains the SV4Q early 
10 promoter , en early polyadanylation signal, end the 

chloramphenicol acetyl transf erase gene {CM?} ♦ Within the 

context of this piasmid, CAT expression is 

expression of 82. The dependence of CAT 

presence of E2 has been tested by transection of this plasmid 
15 into cia? cells transformed by BPV-l, uninfected €127 cells 

and C127 cells ©otransfectad with E2RECAT and an E2 expression 

a. inhibition of Sl?-l B§ Expression 

BPV-l transformed C127 cells are plated in 12 well 

20 plates, Twenty four hours prior tc transf action with E3RB1, 
cells are pretreated by addition of antisense pM&s to the 
growth medium at final concentrations of s, IS and 30 m. The 
neset day cells are transfected with 10 t&q of E2RE1CAT by 
calcium phosphate precipitation. Ten micrograms of E2KE1CM" 

25 and 10 Mg of carrier DHA {FtTC 19) are mixed with 62 Mi &£ 2 
M CaClg in a final volume of 250 pi of fl^O, followed by 
addition of 250 ftl of 2X HBSF <i.s MM Ma g K> r 10 m. KC1, 280 
mM MaCl, 12 m glucose and 50 mM WEBBS? pH 7*0) and incubated 
at room temperature for 30 minutes. One hundred microliters 

30 of this solution is added to each test well and allowed to 
incubate for 4 hours at 37°C. After incubation, cells are 
glycerol shocked for l minute at room temperature with 15% 
glycerol in 0,75 mM Na 2 po 2f S mM KOI, 14 o m mcl, S m 
glucose and 25 m HEP1S, pH 7*0. After shooting, cells are 

35 vsre.sh.sd 2 times with serum free dkek and rofed with mm 
containing 10% fetal bovine serum and antisense 
oligonucleotide at the original concentration. Forty eight 
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CAT activity, 

of CAT activity, dells are washe.il 2 
sal ins and collected by 
L in iOD f <U of £50 mK Tris-HCl, 
P H 8,0 and disrupted by freesa-thawing 3 times. Twenty four 
microliters of ceil extract is used for each assay, War each 
assay the following are mixed together in an ivS mi Eppandorf 
totoa and incubated at 3?*C for one hours 25' #X of 
10 extract, 5 $1 of 4 m acetyl c/omm&m A, 18 jt3L H g 0 ana 1 pi 
^chloramphenicol, 4S-SQ mCi/aSi* After i*KSu3a«t'io» f . 
chloramphenicol (aeetyXateo and nonaeetylated forms) is 
extracted with ethyl acetate and evaporated to dryness. 
Samples are resuspendad in 25 pi of ethyl acetate, spotted 
IS onto a TLC plate and chrooatographed in chloroform; methanol 
(IS 5 1) * chromatography are analysed by autoradiography , 
spots corresponding to acatylatad and nonacetylatsd M c« 
Chloramphenicol are excised from the fLC plate and counted by 
liquid scintillation for quantitation of CAT activity. 
20 Peptide nucleic acids that depress CAT activity in a dose 
dependent fashion are considered positives. 
B« Inhibition of BW m Expression 
The assay tor inhibition of human papillomavirus (HPV) 
E2 by peptide nucleic acids is essentially the same as that 
2S for BPV-l E2. For KPV assays appropriate HPl ? s are co~ 
transfected into either CV-i or A431 cells with PS\ r 2NS0 using 
the calcium phosphate method described above. Cells which 
take up DKa are selected for by culturing in media containing 
the antibiotic C4iS~resistant cells are then analysed 

30 for BP¥ Dim. and W&* Cells expressing S2 are used as target 
ceils for antiaemse studies* for each PHA, ceils are 
pretreaf ed as above, transfected with E2EE1CAT, and analyzed 
for CAS* activity as above. Peptide nucleic acids are 
considered to have a positive effect if they can depress CAT 
m activity in a dose dependent fashion. 
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of IM isomer containing Fear Uaturallf Occurring 
B- peaef ~E<3aegJ - E*a«gj - J - 1**«?3 - 
1 2**93 « f cuegj - f f ft*.9 1 - £<saegj - £**«9f I «* t&»*f 3 - 1 *««?3 « C c««g 1 * 

The protected FKA was assembled onto a 8oc~Lys(ei£) 
modifies resia with a substitution of approximately 0*145 
aanol/g. Capping of uncoupled aaiiso groups was only carried 
out before the incorporation of the BooS&ag-OH monomer. 
10 synthesis was initiated est XQO mg (dry weight) of 

neutralised 8oc~LyaCCl&)-iem resin that had toean preswollen 
.overnight is DCH. The incorporation of the monomers followed 
the protocol of Example 32 f except at step 3 for the 
incorporation of the BoeMeg~0H monomer. step 5 for the 
IS present synthesis involved addition of 4 equiv. diisopropyl 
earbodiimide (Q.GS ml? 3.7 ptl) and 4 equiv. Boc%a«g~OB (0*06 
mmli 32 stg) dissolved in 0.6 ml DCM/SWF (Isl, v/v) {final 
O.IK), she coupling reaction was 
to proceed for 1 x IB win and 1 x 60 »in. 
20 (recoupling) , 

All qualitative Kaiser tests were negative (straw- 
yellow color with no coloration of the beads) . The PEA- 
oligomer was cleaved and purified by the standard procedure, 
FAB-MS average saass found (ealc, ) (K+K) 4145,1 <414S.l) . 

25 
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Hybridisation of K^&mT&TCTCTmcT<»LY®m z 
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***** 

The fact that thers is almost no loss in Tn in going 
from pH 7.2 to 9.0 indicates that Hoogsteen hasepairing is not 
involve. «Sfee i^crsase in ft ia going from 7, a to 5 Is largo 
for too parallel orientation and is probably duo to too 
§ formation of a 2:1 complex* It is feelieved that the most 
favorable orientation in the Watson-Crick binding motif is the 
3*/N™orie»fatlon and that in th« Sioegstean »otif the S'/N- 
orientation is the most stable, 3!tas, it may bo the case that 
the most stable complex is with the two SSft's strands anti 
10 parallel, 

There is apparently a vary strong preference for a 
parallel orientation of the Boogsteem strand. This seems to 
explain why avex* at pH 9 a 2:1 complex is seen with the 5*/H~ 
orientation. Furthermore, it explains the small loss in going 
IS from pH 7.2 to 9 in the 3*/Sf f as this is probably a 1;1 
complex. 



goUMhase ^thesis of H~i[^eg3 s ^asg-^«eg-eaeg^aef-3?aeg» 

Cal Stepwise Assembly of Bocn*aegl2«AWa«W«^ 
CCD &sg~& m aag^caeg-c | m a ag-**af~C m *«g-*Y* -888» 
Eesiisu 

About 1 g of wet Boc-Iys(Clz)-«BHA (0*28 maol Lys/g) 
2S resin was placed in a 5 ml SPPS reaction vessel* Boc-|*aegja™ 
aeg~Taeg-C (Z) aeg~A{ 2) aeg~Taeg~€ (2) aeg~*f aeg ~ C { a ) aag~ 
Ly»(ClZ)-MBH& resin was assembled fey in situ sec coupling of 
the. five first residues utilising 0*1S M of BocC[Z3-OH, 
BocTaag-OH or Boc&piaeg-OH, together with 0,16 M DCC in .2.0 
30 ml 50% DMF/CK2C12 ("Synthetic Protocol S«) and by analogous 
in sita DIC coupling of the five last residues Synthetic 
Protocol 10* } » Bach coupling reaction was allowed to proceed 
for a total of 20-34 fcrs with shaking. The synthesis was 
monitored fey the ninhydrin reaction , which showed nearly 
35 quantitative incorporation of all residues except of the first 
hm&m residue, which had to he coupled twice. The total 
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coupling yield was about 36% (first coupling, about 89% 
efficiency) . 

Co) Cleavage, Purification XdeKtifieation of K- 

§ The protected Soc~|Saeg3 2-&{Z) a«g-Ta©g~€<£) aeg~A{ 3) aeg™ 

Taeg^{Z)aeg^a«g-C(2}aeg-Lya(ClZ}-«BK& resin was treated as 
described in Example 17c to yield about 53,4 mg of crude 
material upon HF cleavage of 166*1 mg dry Boc~[Taeg] 2~&(S) &eg- 
Taeg~C ( aeg~A { a) aeg~Taeg~€ { Z} &ag~Tasg~e { % } aeg~Ly» < CIS) -M8H& 
10 resin. The crude product (S3 ,4 jsg> was purified to give is, 3 

HH2. For (H+H}4-, the calculated wjz value. » 2780.17- and the 
measured m/z value * 2780.07, 




of MS T8& %m C-Lya-WSa* 

hybridised with the following 



&GT 0-3 



7-2 



...2i,..lL. 



— 



hypochromic. 
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A 375 mg portion of MBHA resin (loading 0.6 mmol/g) was 
15 allowed to swell over night In dichiorostaetbane { DCM) . After 
an hour in BMF/DCH, the resin was neutralised fey washing 2 
times with S% diisopropyXethylamine in DCM (2 »£iu 5 , followed 
hy washing with DCM <2ml? 6 x 1 »i*t.) N , N x ~di~B©c~aminQ®thy 1 
glycine (41,9 mg? 0,132 naol) di solved in 2 sal »MF was added. 
20 to the resin, followed by DCC (S4,9 agf 0/31S tsbo!) dissolved 
in 1 ml of DOS- After 2,5 hours, the resin was washed with 
DHF 3 times fl mils,) and once with <1 The 

«nrsacted miao groups were then capped by treatment with 
acetic anhydrids/DCM/pyridine fl ml\2 ffil\3 ml) for 73 hours. 
25 After washing with MM (2 Mir 4 x l min) , a Kaiser test showed 
no amino groups were present. The resin mm deproteeted and 
washed as described above. This was followed by reaction with 
5~CB0camino)~hexanoic acid DEBT ester (255*8 mg? 67 mil 
dissolved in 0MF/BCM Xsl (4 ml) overnight. After washing and 



30 



isatin 



t Both were negative „ After capping, the 

elonganation of the PffA-ch&ins was performed according to 
standard procedures for BCC couplings. All Kaiser tests 
performed after the coupling reactions were negative CYaiUw} . 
35 Qualitative Kaiser tests were done after deprotection of PHA 
units number 1, 2, 4 r and 6U lech test was tolus. The PNA 
oligomers were cleaved and purified hy standard procedures. 
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The amount of »©no«*«? aud D€€ used for each coupling was as 
follows (total volume 4.5 ml) t 
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15 For the. FHA having the Structure (TO.) where R m .«* 

there was 24*5 mg of crude product, which resulted in 6,9 vug* 
after purification. For the PHA where l? 1 T a , there was 
ssg of crude product, which resulted in 2,8 mg, after 
purification. The products had a high tendency of 

20 aggregation, as indicated toy a complex HFLC chrpsatcgran after 
a few hours at room temperature in concentration above 1 
mg/ml, The m&~(T 6 ) t and PSA-(T 8 ) 2 were hybridised to (d&} 6 and 
Wz* respectively, with recorded Tm of 42«C and S9*C, 
respectively, 

25 

Selid-Phass Synthesis of H«[Ta«g3^Lys{CU8)-MBH& Heein 

The PKA oligomer was assembled onto 500 »g. (dry weight) 
of MSHA resin that had been preswollen overnight in DOM- The 

30 resin was initially substituted with approximately 0.15 m&ol/g 
Boc~Lys(ClS} as determined toy gaantitative ninhydrin reaction. 
The stepwise synthesis of the oligomer followed the synthetic 
protocol described in Example 32 employing 0,077 g (0.2 .siaol) 
BocTaeg-OH end 31.3 ,«1 (0.2 meol) diisopropyl carhodiinid* in 

35 2*0 ml 50% DMF/CBjCls in sach coupling, Capping of uncoupled sroinc 
9*o»S»* *»» eaxriwi oat before m$xvt®(ztlm in each step. Ml qaalitstive 
Kaiser t«sts were negative iaaisafciag xssar 100% -co«$»li«g yield. 
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Synthesis was initiated on approximately 1/4 of the wet 
■B-lWmg^B^hYBiclZ^-imm resin from Em&ple 7** In situ 
diisopropyi carbodiiraide (DIC) couplings of both Boc-(apgT)-OH 
and BocTaeg-OH were carried out in .1.2 ml 50% DKF/CK 2 Ci 2 using 
0*048 q (0.12 mmol) and 0.046 g (0.12 mmoX| monomer, 
respectively, and IS. ? pi (0.12 mmoX) diisopropyi earbodiimide 
in each coupling. All qualitative Kaiser tests were negative, 
indicating dear 100% coupling yield. The PSA oligomer was 
cleaved and purified toy standard procedures* For (M+H)+, the 
calculated m/a value was 2820* IS and the measured m/ss value 
was 2820.02. 



IS _ 

BoliMbase Synthesis at fl-iT&mh-lPX^I-l^^h^®**^ 

Synthesis was Initiated on approximately 1/4 of the wet 
K-CTaegjj-LysCClX)-!®^ resin fro* S&atspX© 76. In site 
diisopropyi earbodiimide couplings of B©c3fc«g-GH were carried 

20 out in 1.2 ail 50% DKF/CH a Cl, using 0,045 g (0*12 mmol) monomer 
and 18,7 Ml (0.12 mm©!) diisopropyi earbodiimide in each 
coupling. Due to solubility problems, Boc-(proT) -OH 0.048 g 
(0.12 wool) was suspended in 2,5 ml 50% prior to 

coupling, the suspension filtered, and approximately 2 ml of 

25 the filtrate used in the overnight coupling. All qualitative 
Kaiser tests were negative, indicating near 100% coupling 
yield. The vm oligomer was cleaved and purified by standard 
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Hybrid! seat loss properties ®£ H*t9Pa«f3*«Cpro«3«f!g&eg3 , s.X^s«OTs 
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m%te~m&m Syst&esis of U~tX*w%^tt&i~iv*wl* m W-'MB* 
IS The PMA olig astexr was assembled onto 100 sag (dry weight) 

HSHA resin that had been prsswolien overnight in DOS, Ths 
resin was initially substituted with approximately 0.25 wmol/g 
Bobby s ( CI S ) as determined by quantitative ninhydrin reaction, 
The stepwise synthesis of the oligomer followed synthetic 
20 Protocol 9 employing 0,023 g {0*Q$ tmolj BocT&eg~0H ? 0,062 g 
(0,12 assol) BocbC{Z)-OH and 0,012 g (0,06 aaaol) DCC in 1*2 ml 
S0% DMF/CH,C1, in each coupling. Capping of uncoupled amino 
groups was carried out before protection In each stop, All 
qualitative Kaiser tests were negative, indicating near 100% 
25 coupling yield. The PHA-oligomer was cleaved and purified by 
standard procedures* 
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Hymritoation 
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synthesis was initiated on a Boc-ITaagj^LysCCXSJ^HA 
resin (from example 76} that had been presvollen overnight in 
Ttoafc. Th* resin resenfeled approximately 100 mg (tfry Weight) 

20 of BocrI^{C135)HKBHA resin (loading &*15 mmol/g) » 2h* 
incorporation of the monomers followed the protocol of example 
35, except for step 5 (incorporation of fee BocA{Z)aeg~OH 
monomer) * mv stop S (incorporation of A(2)aeg) involved 
addition of 4 eguiv, diisepropyl carfoodiimide (0,06 molj 9.7 

2S jtl) and 4 equlv, BocA(S}aeg~OH (0.06 shsqI? 32 .eg) dissolved 
in 0,6 ml DCM/DKF <lsl, v/v) (final concentration of monomer 
0*1 M). The coupling reaction was allowed to proceed for 1 
x is min. and 1 ^ 60 min. (r*eoopling) . 

Capping of uncoupled amino groups was only carried out 

30 before the incorporation of the BocA{S)aeg~OH monomer. The 
.coupling reaction was monitored by guaXitative ninbydrin 
reaction (Kaiser test) ♦ All guaiitative Kaiser tests were 
negative (straw-yellow color vittt.no coloration of the heads) . 
The PMA oligomer was cleaved and purified by 

3S 
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Hybridisation properties of M-T^T^hymM^ 
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Stepwise taa&My of »-C^^3-r^«^3-t*««g3-C**«g3-tO*«Sf3« 

is c^aeg 3 ~>mm - t«»«g?'«t*»«g3 -£<»«<» -lxs-w^. 

The protected FHA was assestbl«d onto a Boc-Ly* (Clz) 
modified HBBA resin with a substitution of 0,15 »©I/g» The 
incorporation of the saonomers followed the protocol of example 
32, except that the coping step 11 and the washing step 12 

20 were oxaitted, After the incorporation and deprotection of the 
first, second, ami fourth G(Bal)aeg-»onomer there were some 
difficulties getting the resin to swell properly, Three hours 
of shaking in neat DOS gave acceptable swelling* For the 
incorporation of residues T*«g-4, G(Sal)aeg~S, and Taeg~7 to 

25 t?aeg-lQ, recoupiing was necessary to obtain near quantitative 
coupling yields. !Paeg 4 (2 x in S0% DMF/DCM} f Caeg & (2 x in 50% 
dkf/dch) f Taeg ? (2 x in 50% DMF/DCM, 1 x in sot hmp/dcm and 1 
3£ in neat DGM) , Taeg 8 (1 x in 50% DMF/DCM and 2 x in neat 
DCM} , l'aeg 9 {2 x in 50% DHF/DCM) , Taeg K1 (2 x in 50% DMF/DCM) » 

30 All qualitative Kaiser tests were negative (straw-yellow color 
with no coloration of the heads) » The PHA oligomer was 
©leaved and purified by standard procedures 
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10 -Larga Scale Solid-Bhase Synthesis of H-^a«gjr*tf»~*^f H ~* 
Cafcegjy-XCyw-lBBSi, H-tSaaffJ.-fcyaHHH^ H^aag3,~:LyS"KH 2# s ~ 

{&} Stepwise asaaably of Bo«-t5f«g3»-Ly»teia)-MBH& 
Resin and shorter Fragments* 

IS About 9 g of mt Boo- [Taeq] { CIS } -MBHA («ss, 

Example 19*} resin was placed in .a.. 60 Ml SPPS reaction vessel, 
Boc-CSaegJ^ysCClS^^-MBilA resin was assembled by single 
coupling of both residues with 0.15 M of BaCTaeg-OPfp in 10 
ml neat CE^1 S {''Synthetic Protocol 8") . Both coupling 

20 reactions were allowed to proceed overnight. The synthesis 
was monitored toy the ninhydrln reaction, which shewed close 
to quantitative incorporation of both residues, After 
deprot action of the ^-terminal Boo group, about 4,5 g of H- 
[5?aeg3 s -Lys <C1Z) was placed in a SO »1 SPPS reaction 

25 vessel and elongated to Boc*~£Taeg ] S -Lys ( CIS } ~MBHA toy single in 
situ DCC coupling of all residues (close to quantitative, 
except for residue number eight) overnight with 0,2 K of 
BocTaeg-OH together with 0.2 H DOC in 7,5 ml neat CK,C1 S 
("Synthetic Protocol 9«j , Before coupling of Taeg residues 

30 number ' seven and eight, respectively, small portions of H~ 
ttaegj (CIS) -MBHA * and E~ (Tasg J,~Lys (CizV-UBHA, 
respectively, were taken out for m cleavage. 

Taeg residue number eight was coupled twice (overnight} 
to give close to quantitative incorporation. After 

35 daproteetion of the ^terminal Boo group, a large portion of 
H~[Taeg],-Lys (CIS) was taken out for HP cleavage. Boc~ 
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iTmg}^mmim-mm resin was assembled toy double in situ 
DCC coupling of 0,16 H BoeTaeg-OH., together with 0.16 U Dec 
in 2,0 Ml 50% t»7CH s el s {^Synthetic . Protocol" 9). Before 
coupling of the final residue, a sssall portion of H-[2fceg3»- 
5 Lys(ClZ)~MBHA was taken out for HF cleavage. 

(b) CXfcavaga* Purification* ana Identification of H- 

ThB protected Boo- { f aag 1 <~Lys { CI S ) -MBHA resin was 
treated a® described in Example X7c to yield about 14.0 mg of 
10 crude material upon HF cleavage of 52.4 mg dry H-Taegj*- 
Lys (C12) resin. The erode product was not purified 
(about 89% purity) . 

(c) cleavage, Purification, «*& Identification of 

IS The protected Boc-f «Taeg3^Lys (CXZ)-mBk rosin was 

treated as described: lis mmpl® 17c to yield about S.2 mg of 
exude aaterial upon HF cleavage of S8.4 mg dry ff-T&eg],- 
Lys(ClZ)HHBHa resin, 

<«i Cleavage, S?ur££ ieation, and Ideatif ioatioa of SS« 

20 r»«gi^ys~*m s , 

The protected Boc-[Taeg] s -Lys{ClZ) HKBHa resin was 
treated as described in Example 17c to yield about 114 m of 
crude material upon HF cleavage of about 604 sag dry HHPfcagJ,- 
Lys(C12)-HBHA resin. 
25 m cleavage, »urif ieation, an* Identification of H~ 

tTaegj,-Ly*-HH,. 

The protected Boc~fTa6g},-X,ys {ClZ)HKBHA resin was 
treated as described in Example 17c to yield about is, 3 mg of 
crude material upon HF cleavage of 81.0 m dry B-Taagj,- 
30 Lys(Clz)-MBHA resin. 

If) Cleavage, Purification, and Identification of E~ 

The protected Boc-CTaeg3»«Lys(ClZ)HKBHA resin was 
treated as described in Example 17c to yield about 141 m of 
35 crude material upon HF cleavage of about 417 dry K-TaegJ*- 
Lys£CX2)-HBHA resin. 
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Cg) aynthetio 3*retaeei « {s«n«x«i Protocol J 
(l) BQC~daprotectien with ZFh/CH&l* (U±, v/vj , 3 x l 
mill and X x 30 min; (2) washing with eh s Cl„ 6xl min? {3} 
neutralization with 0IEI/CHA (is 1S> v/v) # 3x2 min; (4) 
S washing with CHjClj, j£ x & aia, aaS/araln for l mini (5) at 
some stages of th« synthesis, 2-5 mg sample of SHfr-xwsin is 
taken out and dried thoroughly for a ninhydrin analysis to 
determine the substitution? (6) addition of Boe~protected PH& 
monomer (Pfp ester) ; the coupling reaction was allowed to 

ID proceed for 'a total of x tors shaking? (7) washing with m? f 
1X2 min? (8) washing with CH s Cl Sf 4 x 1 rain? {§? 
neutralisation with fimh/CBfih (l« $9, v/v) , 3 3£ 2 min; {10} 
washing with CH a Cl 4 , S x i min; (11) occasionally, 2-S mg 
sample of protected PJ?&~rssin is taken out and dried 

IS thoroughly for a ninhydrin analysis to determine the extent 
of coupling! (12) at some stages of the synthesis, unraacted 
amine groups are blocked by acetylation with a mixture of 
acetic. anhydride/pyridine/CH s €l s (1*1?2, v/v/v) for 2 to 
followed by washing with CH s eij, 6x1 min, and, occasionally, 

20 ninhydrin analysis, 

£X2kK8bE «8 

8olia-»ha«e synthesis of H;-C^«f }^m^^mg^^^m^ 

(a) stepwise Assembly of Boc~£ *Pa@g3 4<»%m&®<$~tT &ag] §«* 

25 XyaCClz>HBBH& Resia, 

About 1 g of wet Boo- [1?aeg3 5~I*ys ( ClZ) -mm resin was 
placed in a 5 ml SPPS reaction vessel. Boo* [Taeg J 4~C [ 2 1 aag~ 
CTa&gj 5~Lys (Q1Z) -mm. resin was assembled toy in situ DCC 
coupling of all residues utilizing 0,16 H of BocCCSJaeg-OK 

30 together with 0.16 I 0CC in 2,0 ml 50% DMF/a%Cl a or 0,16 K 
BocTaeg~OH together with 0,16 H DCC in 2,0 ml 50% 0*5F/CH 2 CI 2 
("Synthetic Protocol 9 W ), Each coupling reaction was allowed 
to proceed for a total of 20-24 tors with shaking. The 
synthesis was monitored toy the ninhydrin reaction, which 

35 showed about 98% incorporation of C£3)aeg and close to 
quantitative incorporation of all the Taeg residues. 
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C&l cleavage, Purification* and Idemtif ieation of h- 

ffes protected B©c~ [ Ta^g J4-C[S3 aeg~ [ Taeg l S ~Ly s ( CIZ) 
resin was treated as described in Example 17c to yield about 
5 2.2.5 mg of crude material upon HP cleavage of 128.2 m <**y H~ 
tTaeg34-CfZ3a«g-tTae«r35-I*ys(ClZ)-MBHA resin. Crude product 
(5.8 mg) was purified to give 3.1 sag of H-rTaegJ4-Caeg- 
[Taeg^S-Lys-SHj, 

Co) sysitfcetis Protocol » css&sral Srofcoool? 

10 {1} 'Boc~deproteetion with TFA/C%Cl g (isl, v/v), 3x1 

Bin and 1 x 30 min; (2) washing with CH 2 C1 2 ., 6 x 1 min? (3) 
neutralisation with 0IBa/Cf%Cl 2 (Is 19, v/v), 3x2 min? (4} 
washing with CH 2 C1 2 , 8 x 1 min t and drain for 1 min; (S) at 
some stages of thm synthesis, nag sample of FHA™rasin is 

IS taken out and dried thoroughly for a ninhydrin analysis to 
determine the substitution? (6) addition of Boc~proteetsd » 
monomer (free acid) in 1 ml dmf followed by addition of DCC 
in X ml CH 2 Clg? the coupling reaction was allowed to proceed 
for a total of Y hrs shaking; (?) washing with DMF, 1x2 min; 

20 (8) washing with CH 2 C1 S , 4 x i -mini (9) neutralisation with 
DIEA/CftjClj, (is 19, v/v), 2 x 2 min; (10) washing with C%€1 2 , 
& x 1 min; (11) occasionally, 2-5 »g sample of protected P®h~ 
resin is taken out and dried thoroughly for a ninhydrin 
analysis to determine the extent of couplings (12) at some 

25 stages of the synthesis, unxeacted amino groups are blocked 
by acetylation with a mixture of acetic 
anhydride/pyridine/a%Clg <.i:i:2, v/v/v) for .2 h followed by 
washing with CK 2 Cl g , 6 x l min, and, occasionally, ninhydrin 
analysis. 

30 

Solia-Phass synthesis of K-CTaeg3*-(MBa«g)-.C***g3S-r,ys«llH 2 . 

(KB Si 0D€S3| 

(a) Stepwise Assembly of 8««~|Taeg]j4~ (HBa*g)~£*aeg3 S- 
3S l,ysCclS)~MBH£ Eesissu 

About l g of wet Boc~£Taeg j S-Lys (ClZ) -HBHA resin was 
placed in a 5 ml SPPS reaction vessel. 8oc~[Taeg}4~(NBaeg3~ 
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[Taeg] SHDys (CIS) H^ia resin was assembled fey in situ DCC 
coupling utilising 0.16 K of 'Boq(NBaeg)-OH together with 0,16 
M DCC in 2.0 ml heat CH 2 C1 2 or 0.1S 1 BocTaeg-OH together with 
0.16 H DCC in 2.0 ml 50% BMF/CH 2 el 2 ("Synthetic Protocol 9"). 
S Bach coupling reaction was allowed to proceed for a total of 
20-24 hrs with shaking. Tbe HBaeg residue was coupled three 
time® and the Taeg residues were all coupled once. The 
synthesis was -monitored by the idnhydrin reaction which showed 
>99% total incorporation of HBaeg (about B8% after the first 

10 coupling and" about 93% after the second coupling) and close 
to quantitative incorporation of all the Taeg residues. 

Cfo) cleavage, Swrifieatioa, and Identification ©f H» 
r^aeg 3 4~ {M5aeg) ~ paegl s^ys-KH^ 

The protected Boe~[Taeg} 4~ (HBaeg) ~ [Taeg] S~Lys (012) 

IS resin was treated as described in Example 17c to yield about 
33.6 mg of crude material upon HF cleavage of 108. 9 mg dry H~ 
[Taeg] 4- (HBaeg) - [Taeg] S~Lys (CIS) resin* Crude product 
{20.6 Bg) was purified to give 4.6 ag of H- (Taeg 1 4 ~ (HBaeg) - 
CTaegJS-^ys-MJg. For (K*H)+, the calculated mf ta value was 

20 2683.12 and the measured »/* value was 2883.09. 



Solid-*&asa Synthesis of H-fy«eg34-< 

(a) Stepwise ;tes«ab£y of B0«~t$»®S }&*W~t***3l** 

25 Lys (C12) stasia. 

About 1 g of wet 8QC**--( ! 3?aeg][ S»lys (CIS) -MESA, resin was 
placed in a 5 ml SPFS reaction vessel. Boo- [Taeg] 4~aag» 
[Taeg3§™Ly@(Cl2)HKBH& resin was assembled by in situ DCC 
single coupling of all residues utilising; (1) 0.16 M of 

30 Bocaeg~0H together with 0V1S M DCC in 2,0 ml 50% DMP/CH 2 C1 2 or 
{2} 0.16 M BocTaeg-GH together with (2) 0.16 U DCC in 2.0 ml 
50% DE?/CE ? cl;. ("Synthetic Protocol -9") . Each coupling 
reaction was allowed to proceed for a total of 20-24 hrs with 
shaking. l*he synthesis was monitored by the ninnydrin 

35 reaction, which showed close to quantitative incorporation of 
all the residues. 
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m OI«ag«> mxM icafeioss* and Identif icatioa of k« 
tfaegj 4-aeg-t***g35-LyMSfe. 

Tfee protected Boc~t^aegl4~aag~ [ Tasg j s - Lys f CI g > ~MBH& 
resin was treated as described in Example: l?e to yield about 
S 22,2 mq of crude material upon HF cleavage of 126 „ 0 mg dry K~ 
(Taegi 4-aeg- tTaegJSH^ys (C1Z) HMBHA resin. Crude product (22,2 
mg) was purified to give ?,« ig of: H-f Taeg] 4-a«g^ [T&egl SHt*vs~ 
BH a , For {M*B.H-, the calculated »/« value was 2641.11 and the 
measured »/« value was 2644*16* 

10 

Solid-Passe sSynt&sais of H-£Ta^4«(My«t«a«g3S-L^-lli^» 

(a) stepwise &ssambly of »«M>-c^««flrl4«6l3r«-t*a«S35- 
W(C18)-mbha sasia. 

IS About l g of wet Boo- [ Taag } S*~l<ys (CIS) H55BH& resin was 

placed in a S ml SPPS reaction vessel, Boc~fTaeg;j4~Gly- 
CTaeg]S~Lys{Clg}~MBHA resin was assembled by in situ I>CC 
single coupling of all residues utilizing: <l) 0,16 M of 
BooSly-OH together with o.i.€ ft Dec in 2.0 ml 50% 0MF/C8 2 C1 2 or 

20 (2) 0.16 H BocTaeg-OH together with 0*16 M SCC in .2*0 ml S0% 
DMF/CH 2 C1 2 ("Synthetic Protocol Each coupling reaction 

was allowed to proceed for a total of 20-24 hrs with shaking. 
The synthesis was monitored toy the ninhydrin reaction, which 
showed close to quantitative incorporation of ail the 

2S residues, 

{hi Cleavage, Purification, and XfiUraUf ioation of H~ 

The protected 8oe~£Taeg ] 4 ~Giy~ [ Taag J 5-Lys { CIS } -MBHA 
resin was treated as described in Example 18c to yield about 
30 45,0 »g of crude ssaterial upon HF cleavage of 124.1 »g dry H~ 
CTaeg34-Gly~[Taeg3S-Lys(Ci2')~-MBHa resin « Crude product (40,4 
mg) was purified to give 8.2 rag of H-CTaeg]4-Gly~[Tasg35-Lys~ 



SoXiMlose Synthesis of H»£9^]4-GXyS--C'P*«g35-Xiy»-'»Sj £ . 

m stepwise Assembly of Boc-t**«ffH-«ly2-C3ea«gr!5- 
Lys{ClS)~&BE& Sesin, 
S .tout i g of wet Boe—f^aeg] 5™\Lys (C12 ) -KBH& resin was 

placed ia a .5 ml SPPS reaction -vessel. B©o»<£:gaeg J4- 
tC£23aeg]2^a€^crZ3aag^eg^C23aeg-Iy»(C12) -MBBA resin was 
assembled by in sita DCC single coupling of all residues 
utilizingt (2) 0.16 M of BocOly~OH together with 0.16 M DCS 

10 in 2,0 ml 50% 0MF/CH a Cl ? or C2) 0,16 K BocTaeg-OH together 
with 0 . 16 M DCC in 2.0 ml sc)% DMF/CH 2 C1 X ( "Synthetic Protocol 
9«) „ Each coupling reaction was allowed to proceed for a 
total of 20-24 bxs with shaking. The synthesis was monitored 
by the ninhydrin reaction, which showed close to quantitative 

15 incorporation of all the residues, 

{h} cleavage, purification, and xOtnttS icatios* of s« 

The protected Bop~E^Ba«g34H31y2-CTaeg3S-I^(ClZ)--HBia 
resin was treated as described in Example 17c to yield about 
20 32. 6 sag of crude material upon HF cleavage of 156,6 mg dry 
CTaeg34~61y2-f^aeg]S~LysCcl2}~HBHa resin, Crude product (30 
mg) was purified to give 7.8 mg of H~[Taeg}4-Gly2-[ ( Taeg35"~Lys- 
KH 2 . For (&m+; the calculated s/2 value was 2655.09 and the 
measured m/z value was 2SSS.37, 

25 
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caeg-&ys-t8K 2 « 

C»l stepwise Assembly of Bee-fSa«*gj4r [C£Sja«§F J2~Tmag~ 

About l,5g of vet Boc-Lys (CIS) -MBHA (0*28 aasol.Lys/g) 
resin was placed in a 5 ml $p?s reaction vessel* Boc^fraeg]^ 
[ C $ z 3 aeg ) 2 -Taog-C [ Z 3 aeg~Taeg~C f 2 J aeg-Lys ( CIS J resin was 
assesabled by in situ 90S single coupling of all residues 

10 utilising* '(!} 0.16 m of BoeCCSj-OB together with 0.18 H DCC 
in 2,0 ml 50% DMF/CH 2 CI ? or (2) 0*16 h Boe<raeg~0H together 
with 0*16 M doc in 2*0 ml 50% DHF/C%C1 2 ( "Synthetic Protocol 
**). Each coupling reaction was allowed to proceed for a 
total of 26-24 fees with shaking. The synthesis was monitored 

IS fey the ninhydrin reaction, which showed close to quantitative 
incorporation of all the residues* 

{&) QXmmm* Forif ieatiojv a»<S Xtofcif icatioh of H~ 

The protected 8oo-[Taeg34»[CCS3aeg32~Taeg-crS3aeg^aeg- 
20 crZ3aieg-l l y»{C12)HHBHA resin was treated as described in 
Example i?c to yield about 52.1 mg of crude material upon HF 
cleavage of 210*7 mg dry B~t3 1 aeg34~CCI£3asg]2~l i aeg~C[S}aag<* 
Taeg~C£Z3aeg-Lys{ ciz)-MBB& resin* crude product (30,6 mg) 
was purified to give 6,2 mg of H-[Taeg]4~[ caeg]2~Taeg~Caeg" 
25 Ta^Caeg-LysHBH;,, for (lf+H}+ the calculated m/z value was 
2747*15 and the sseasnred m/z value was 2746*78 , 



S4 

s»lid»]?hase Synthesis of H^aeg~^aeg~Caeg»faeg~f saagl3^aag~ 

(a) Stepwise &ssat§&ly of Boc«-C|~E3aeg-Taeg-cpjaeg™ 
Ta«gf-ccC3}««g33ypa*g^caf3*«g^aeg-l t ys{C18)-KSK& mesin» 

About US g of wet Boo~Lys (C12) HHB8& (0,28 mmol Lys/g} 
resin was placed In a 5 ml SPPS reaction vessel. Boc~q[ £]aeg~ 
3 5 Taeg-C [ z ] aeg~Taeg~ f C [ % } aeg] 3 ~>f seg~e [ % } aeg-Taeg-Lys { CI z } —HBHA 
resin was assembled by In situ Dec single coupling of all 
residues utilising* (1) 0,16 « of BecC£fl~0B together with 
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0.16 U me in 2.0 *X 50% mW/CM 2 CX z or (2} 0**e H BoeTaeg~GH 
together with 0.16 1 0CC in 2.0 ml 50% DMF/CH 2 C1 2 ("Synthetic 
Protocol Bacb coupling waaetion was allowed to proceed 

for a total of 20-24 hrs with shaking, The synthesis «s 
5 monitor ad by the ninbydrin reaction , which showed close to 
quantitative incorporation of all the residues, 

ih} Ola&v&ge, ^urif ieatien* and Ideniif ic&tioa of K- 
e&eg^aeg-caeg-faeg- cc&®$3 $^m%~&&®f~mm~t*f®*$& 2 * 

The protected Boc-e £ 2 3 aeg-Taeg~C £ E j aag-Taeg- [CCS } aeg 3 3 ~ 

10 T»eg~C£ 2 3 aeg-Taeg&ys (C1E ) resin was treated as described 

in Example 17c to yield about 56,1 mg of crude material upon 
HF cleavage of 25.5.0 m dry n~ecr]aeg~Taeg~e[23aeg~Taeg~ 
C C { 2 ] a eg } 3 -Taeg~C [ 5$ } aeg -T&egLys(C12) -MBim resin. Crude 
product (85.8 mg) was purified to give 46.2 mg of M~Caeg~Taeg~ 

IS Caeg-Taeg~CCaeg]3-Taeg-caeg~Taeg-LysHH 2 . For the 
calculated a/s value was 2717,15 and the measured mfz value 
was 2716,93* 

E3t&MPLB &5 

20 BoliM&aee synthesis of H-|5?a«sr32-tca«ff13-rTa«g32-tC»«gl2- 
^HOTfe, H-ca»3~ £Taeg1 2- C Ca«gJ 3 - t»««MSf 1 * - [ Caeg| 2~Bys~KH^ and 
H-Tyr~ ["Eaegj 2- [Caegl 3 - Jtfaegj 2~ tcaetfj 2~Bys~HB g . 

(a) Stepwise assenbly of Boo-C*a«gl2-[C{a>*«g3»- 
ET»«g32-CC{Z)*«ffia-l.y«<Cl8)-KSa& Eesin, Soc~ca«g~f[Saeg32~ 

Tyr<Br2)-fT*«g]2-CCCa)«<»g33-C«*^32-CC(z)a^32-l.ys<C18)-KBH& 
Resist* 

About 3 g Of wet B©eH^s{Cl2)~&H5HA (0*23 vonol Lys/g) 
resin was placed in a 20 ml SPPS reaction vessel. Boc- 

3 0 [Taeg] 2~iW) aeg 3 3 ~ [Taeg] 2-[C(E) aeg j 2-X.ys (CIS) -MBH& resin was 
assembled by in situ DCC single coupling of all residues 
utilising? CD 0.16 H of Bo&C[S3-os together with 0.16 H BCC 
in 3.0 sal 50% DKF/CH ? Ci 2 or (2} 0.16 H BooTaeg-GH together 
with 0,16 H BCC in 3*0 ml 50% 0HF/CH 2 Ci ? ("Synthetic Protocol 

35 9«) » Bach coupling reaction was allowed to proceed for a 
total of 20-24 hrs with shading. The synthesis was monitored 
by the ninhydrin reaction, Which showed close to quantitative 
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incorporation of all the residues, -After daprot.act.ion of the 
H-t*r»inal Boo group, hmXt of the PH&-res.ia was coupled 
quantitatively onto Tyr(Br2)~QH and a small portion was 
coupled quantitatively onto one more Caeg residue. Both 
s 5 couplings employed the ahove-ment iohad synthetic protocol, 

m Glmmgm, Purification, and Identification of H- 

The protected Boc- £Taeg 3 2- £C (2) aeg 1 3 - C Taeg 3 2 ~ 
tC(Z)aeg32-Lys{C12)HHDSKHA resin was treated as described in 

10 Example 17e to yield about Sd,$ mg of crude material upon KB' 
cleavage of 182.5 mg dry H~ [ Taeg j 2 - [ c (;2 } aeg ] 3 ~ [ Taeg ] 2 -* 
[C(2)aeg32-Ly8(C12;)««BHA resin. Crude product <SQ»9) mg was 
purified to give 13.7 of H«CTaeg33«-£Ca«g]3-tTae«r32-[Ca«gia- 
LysNHg . For p*H)4 the calculated »/k value was 2466.04; the 

IS m/s value was not measured, 

Co) Cleavage, Purif ioatiou, «aa Ida&fcif icatiess of H~ 
Tyr~ gtt*«ftj 2- ccaegj 3-C*»*srj a-CCa«g3 2Hkys»3i%, 

The protected Boe-rya? (BrSS) - £f «eg3 2- [C (JS) aeg] 3- |f aeg j 2~ 
(C<2)aeg32-Ly»{ClZ)HK8HA resin was treated as described in 

20 Example 17c to yield about 60.8 mg of crude material upon Hf 
cleavage of 188. 8 »g dry H-^{BrZ)-[Taeg32-j;c{2)aeg}3- 
[Taeg] 2- EC(Z)aeg32HE^»{Ci8)««Bia resin. Crude product (60,8 
mg) was purified to give 20,7 mg of H^lyr~[ , faeg]2~[Caeg|3" 
[Taeg}2~[Caeg32~LYsNH a , For («+H)+ the calculated a/ a value 

25 was 2629.11 and the measured m/ss value was 2629,11, 

{4} Cleavage^ Purification aud l&eutif icatioa of H~ 
Caeg~{Taeg3 2- CCaegjf *-f **** 3 2- tCa^ja-Lys-HBj, 

The protected Boc~e ( 2} aeg~ £ Taeg ] 2 - [ C { 2 ) aeg j 3 - [ Taeg 3 2 - 

30 C C (2) aeg] 2~Lys (clZ) -MBH& resin was treated as described in 
Example 17c to yield about 11,7 mg of crude material upon HF 
cleavage of 42,0 mg dry H~C(3) aeg-[Taeg]2-[C(2) aeg] 3- [Taeg] 2~ 
[C{B) aag j 2-lys ( Cl£)~M8HA resin. Crude product (11. 6 mg) was 
purified to give 3,1 mg of E^aeg~£Taeg]2~[Caeg]3™n?aeg}2~ 

35 rcaegp-LysNK,, For (M+H) + the calculated »/« value was 
2717.15? the a/* value was not measured. 
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soliMtoase aynthasis of a-ccaegja-ts^js-tcaegjs-t^agis- 

3*yS«13% 

SMfaeg- [Caeg] a - [l?&eg j 2-te»«Kr1 3- £*a»g 1 'aHbys-HEj, and H-«pyr- 
s £Caeg] s-tTaegj g-c^«033-pa#gjs*%s^, 

(a) Stepwise tooeribiy of 8oo-tC<8)**Sf32-r¥a«S]2" 
tCCZ)«eg33~i;sa«g32~I.y8{CliZ)-l!BKA Besin, ^e-3faeg-f;c{S)aeg |2~ 
fm@g32~£CCS)aeg]3<~£Taeg32~£ys{ CI§|~MBH& Resia, «M Bm™ 
^rfSr2)~rCCl$aeg]f2~^^^ 

About 3 g of vet Boc~X*ys (C1Z) -KBH& (0.28 jbmo! Lys/g) 
resin «?as placed in a 20 ml SPPS reaction vessel. £oc~ 
£l!a^]a~[Ct2)a^33-{T«ag32-£C{a;}a^32»I»y»CC12)- resin was 
assembled by in site DCC single coupling of all residues 

15 utilising* (1) 0* 16 M of BoeC£Sj-OH together with 0.16 K DCC 
in 3.0 ml 50% DMF/CH a Ci a or (2) 0.16 M Boc3fceg-OH together 
■with 0.1S H DCC in 3.0 ml 50% DMF/CE g cl- ? { "Synthetic Protocol 
Each coupling reaction was allowed to proceed for a 
total of 20-24 tors with taking. The synthesis was monitored 

20 by the ninhy&rin reaction, which showed close to quantitative 
incorporation of all the residues. After deprotection of the 
^terffiinal Boc group, half of the PKA-resin was coupled 
quantitatively onto Syr (Br 2) -OH and a small portion was 
coupled quantitatively onto one more Taeg residue. Both 

25 couplings employed the above-mentioned synthetic protocol. 

ih) Cleavage, Purification, and identification of H- 
tC(a)aeg32~£SAeg3a-CC(S}*eg33-rT*egria-l.y«-'»H z . 

She protected Boc- [C { 2) sag} 2- [Taeg ] 2- [C (Z) aag] 3- 
C5?aeg32-hys{C12) HKBH& resin was treated as described in 

30 Example i?c to yield about. 57.© mg of crude material upon HP 
cleavage of 172.7 mg dry H~fC{B}aeg32~{Taegp~[e{£}aag]3~ 
t*f aeg} 2~Lys (CIS) resin. Crude product (57. 6 mg.) was 

purified to give 26.3 lag of H-CCaegJ 2 ~ £ Taeg 3 2~ [CaegJ 3- [Taeg] 2~ 
Iys-M 2 . For (M-HE)* the calculated xa/z value was 2466,04? the 

3S m/s value was not measured. 
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Col Cleavage, Pi«i£ieatien r &nd Mentif ieation of H~ 
Ty r~ { C { a ) aeg] 2 - C9P*«g3-2 - 1« C Tacg 1 2 -Lys-KHj, » 

The protected Boc~Tyr (BrS) - [C(2) aeg J 2- [3fa«g33- 
[C(2ia«g3 3-[Taeg32-i^s(ci2}-HBH& resin was treated as 
5 described in Bxaisple .17c .tso yield " about S7.8 mg of crude 
•material upon KF cleavage of 172,7 isg dry B~Tyr(Br2}~ 
£ C { Z) a«g] 2- {Taegj 2-[C (2) aeg j 3~|Taeg] (CIS) -MBHA resin . 
Crude product (47,1 sg) «$* purified to give 13,4 mg of H~Tyr~ 
[Caag32-[Tflieg33-fC«eg33-CTaeg32-Iys-jiH ! |. For {«+H)+ the 
10 calculated Ws value was 2629* XI and the measured mfz value 
was 2S2S.11. 

(dj cleavage, Purification, an* Identification of E~ 
2?aeg~£C m *«gl 2- t«*«ST3 a - to C 8$ aag] 3- CTaegj 2~x,y&~SiH^ 

The protected Boc-Taeg-[ C < 2 } aeg ] 2~ [ Taeg] 2 - [ c ( % ) aeg } 3 ~ 
IS [TaegJ 2~Lys (CXZ) resin was treated as described in 

Example 17.0 to yield about §3,4 sag of crude material upon HF 
cleavage of 42.4 ®g dry H-Taeg~[C(S)aeg32-[Taeg32~CC(2}aeg33- 
CTaeg32-Lys(C.l 8)~KBHS. resin. Crude product {11,9 sag) was. 
purified to give 4.3 sag of «aeg-i:caeg33~C1?aeg]2-CCasg33-- 
20 [Taag32-Lys~NH g . For (mm* the calculated m/z value was 
2732x15; the m/2 value was not measured. 

Co) Synthetic Protocol 10 (General Protocol? 
Sa-me protocol as "Synthetic Protocol 9« ? except that 
DCC has bean replaced with DIC. 

25 

SSHTHESXS OF WE 8&CK8088 SCGXBCT TOR BQKLB UP BY REDUCTIVE 

(a) Praparation of Cboeami»o>aeat aldehyde. 

30 3Hfcaino~l , 2 -propanediol (SO. 0 g ? 0 . a s »oi) was dissolved 

in water (1500 ml} and the solution was cooled to 4< s C f 
whereafter See anhydride (230 g; x.o§ aol) was added at once. 
The solution was gently heated to room temperature with a 
water bath. The pH was kept at 10.5 by the drepwise addition 

35 of sodium hydroxide. Over the course of the reaction a total 
of 70,2 g KaOH, dissolved in 480 »1 water, was added, After 
stirring overnight, ethyl acetate (1000 ml) was added and the 
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mixture was cooled to 0*C and the pH was adjusted to 2.5 by 
the addition of 4 H hydrochloric acid, The et&yl acetate 
layer was removed aad the acidic aqueous solution was 
extracted with more ethyl acetate {8x500 ml) . The combined 
S ethyl acetate solution was reduced' to a wl« of 1500 ml 
using a rotary evaporator. The resulting solution was, washed 
with half saturated potassium hydrogen sulphate (1500 ml) and 
then with saturated sodium chloride. It then was dried over 
magnesium sulphate and evaporated to dryness, in vacua* 

10 Yield. 145,3 g (86%) 

3~BQcamino~l, 2~propanediol (144.7 g; 0.757 jao'l) was 
suspended in. water (750 ml) and potassium pariodate (191.5 g; 
0.833 mol) was added. The mixture was stirred under nitrogen 
for 2,3 h and the precipitated potassium iodate was removed 

IS fey filtration and washed once with water (100 ml), Ifee 
aqueous phase was extracted with chloroform (6X40.0 ml) * The 
chloroform extracts were dried and evaporated to dryness, in 
vacuo. Yield 102 g (§3%) of an oil. The 

(bocamino) acetaldehyde was purified by kagelrohr distillation 

20 at 84 *C and 0-3 mmHg in two portions, The yield 7$ g (771) 
of a colorless oil, 

m Preparation of (»'-jK»caaiaoettoyl>gXycia« methyl 

ester 

Palladium on carbon (10%; 2.00 g) was added to a 
25 solution of {bocamino) acetaldehyde {10,0 g; 68 >§ mmol} in 
methanol (150 ial) at 0«C« Sodium acetate (11.3 g? 138 saaoX.}. 
in methanol. (150 ml) , and glycine methyl ester hydrochloride 
(8.65 g; 68.9 mmoi) in methanol (75 mi) then were added. The 
mixture was hydrogsnated at atmospheric pressure for 2,5 h t 
30 then filtered through eslita and evaporated to dryness, in 
vacuo, The material was redissolved in water (150 ml) and the 
pH was adjusted to 8,0 with 0.5 3S MaOH, The aqueous solution 
was extracted with methylene chloride (S x ISO ml) > The 
combined extracts wore dried over sodium sulphate and 
35 evaporated to dryness, in vacuo. This resulted in 14.1 g 
(88%) of (»' -fcocaminoethyl) glycine methyl ester. The crude 
material was purified toy kugeirohr destination at 120*0 and 
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0,8 sosHg to give 11.3 g (70%) of a colorless oil. The product 
had a purity that was higher than the material produced in 
example 26 according to tie-analysis (10% methanol in 
methylene chloride} . 
S Alter natively f sodium cyenoborohydrid® can be used as 
reducing agent instead of hydrogen {with M{€) as catalyst), 
although the yield (42%) was lower, 

<o) Preparation of CM* -beeaminoethyl^ glycine ethyl 

20 The title compound was prepared by the above procedure 

with glycine ethyl ester hydrochloride substituted for glycine 
aettoyl ester hydrochloride. Also, the solvent used was 
ethanol. The yield was 78%. 

15 98 

miM-m&m Synthesis of KHPyr~C«*»«3«"X»y8--»K, 

m stepwise as&«£bi? of B©e~*yrtB*»Hl*M$'3*~ 

Msout 0*2 g of wet 0oc-CTaegl S8 ^ysCCig)-HBE& resin was 
2D placed in a S ml SPFS reaction -vessel, Soe~Tyr (Br 2) ~[Taeg} f( r 
Lys(CX2}-HBH* resin was assembled by standard in situ DCC 
coupling utilising 0,32 m of BocCTyr(Br2)-OH together with 
0.3a H Dec in 2.0 ml neat CBjClj overnight. The ninhydrin 
reaction showed about 97% incorporation of BocTyr(SrZ). 
as m Cleavage, Purification, and Identification of K- 

The protected 8oc«*Tyr{Br2)-[Taeg3 w -lys{ciZ) ~MSE& resin 
was treated as described in Example l?o to yield about S.S m 
of crude material upon HF cleavage of 20,7 s*g dry B~Tyr(Br2)~ 
30 CTaeg ] »»Lys< CI Z }-mbha resin. The crude product was purified 
to give 2.5 sg of H~«Tyr~ £Taog } W ~x,ys-NM 3 . 



WO 92/20702 



FCT/EP92/012J9 




(«} Stepwise Assembly of D&asyl- £Taeg] CClS J 

ROSin* 

5 About 0.3 g of wet Boc~[Taeg)>Lys (C12) -MBKA resin was 

placed in a S ml SPPS reaction vessel, Dansyl- plaag ] a - 
&ys(CX2>-lS8iBt resin was assembled by coupling of 0.5 M dansyl- 
Cl in 2.0 ml aeafc pyridine overnight. The nimhydrin reaction 
showed about 95% incorporation of dansyi, 
10 (b) 'cleavage* Purification, ax4 Identification of 

The protected dansyX-pdsgl«rLy« (CIZ) -MBH& resin was 
treated as described in Example X7c to yield about 12 mg of 
crude material upon HF cleavage of 71.3 mg dry dan«yi-£Taeg3»"* 
15 X^(€12}HKSH& resin, The crude product was purified to give 
5.4' .ng of d&nsyl~[Taegj«HDys~HH 5 . 



SoXid«*?tese Synthesis of eiyHSlyHBtis-C^^it-W'"^ 
20 <&; stepwise assembly «C Boc~^lf<"GXy-Eis^©s|»|teeg3«- 

Lys C&lS) **hbk& Besin. 

About o.os g of Bec-paeg ] ,*~Lys (CIS) -MBHA resin was 
placed in a 5 ml SPFS reaction vessel. B©c-»Gly~eXy~£iis (Tos) ~ 
[taeg] «rLys <CX2 } resin was assembled by standard double 

3S in situ DCC coupling of Boc-protected amino acid (0«i M) in 
a. 5 ml 25% DMF/CSHjClj, except for the. first coupling of 
BooHis(Tos) , which was done by using a preformed symmetrical 
anhydride (O.US) in 25% »HF/CB 2 C1 S « All couplings were 
performed oversight and ninhydrin reactions were not carried 
30 out.. 

Cb) cXwatfage* purification^ and Identification of Gly~ 
eiy-Hia- paegj w ~Bys~30J,. 

The protected Boc~GXy-Gly~His (Tos) - [Taegj !S -Lys (C1Z)- 
MBH& resin was treated as described in Example 17c to yield 
35 about 10*3 sg of crude material {about 40% purity) upon HF 
cleavage of 34 . 5 mg dry Boc-Sly-iSly-Sis (Tos) - [Taeg] »-Lys (CIS) - 
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MBH& resin > A small portion of the exude product (taken out 
before lyophilisation) was purified to give 0,1 mg of Gly-Sly- 

S BXMIPhB 3.01 

aolM-Btose Synthesis of H-^aeg^eaegL^H;* 

<*} Stepwise Assembly of Sde-t^Wl^t«C«|a®g3*"«m 

Besin. 

About 0.2 g of K8HA resin was placed in a 3 mi SFPS 
10 reaction vessel and. neutralized. The loading was determined 
to be about 0.64 susol/g. BoeC(2} &eg~0Pfp was coupled onto the 
resin using a concentration of 0.13 M in 2.5 ml 25% 
phenol/ /CBjClj. The ninhydrin analysis showed a coupling yield 
of about 40%. The remaining free amino groups vera acatyiated 
15 as usual, Boc~(Taeg3 s ~|;c{S)aegj^MSHA resin was assembled by 
single i« situ DCC coupling of the next residue utilising 0.11 
M of SocC{g)aeg~CH together with 0,11 M DCC in 2,5 «i 101 
MF/CH 2 CX S and by coupling with 0.13 U Bdcfaeg-OFfp in neat 
CH S C1 3 for the remaining residues (« Synthetic Protocol 
20 Each coupling reaction was allowed to proceed with shaking 
overnight. The synthesis was monitored by the ninhydrin 
reaction, which showed close to quantitative incorporation of 
all the residues, 

m Cleavage, Purification, and identification of h- 

The protected Boc-[Ta«g3 s -cc(Z)aecf3,-llBH& resin was 
treated as described in Example i?c to yield about 21..? jag of 
crude material (>S0% purity) upon HP cleavage of J4.8 ig dry 
H~[Taeg3 s -tC<Z)aegJ 4 -lflm resin, Crude product {7.4 isg) was 
30 purified to give 2.0 mg of H~[Taeg] $ -fCaeg;f s -»H s <>95% purity) « 

Solid-Phase synthesis of a-tSaegJ^ag-rafaagJ.-ira,. 

m Stepwise Assembly of 8o«-£Taeg},-C{SS)a«g-|3?a«gj 4 - 
35 mim kmin* 

About 0,2 g of the above-mentioned HBHA resin was 
placed in a 5 ml SFPS reaction vessel and neutralized. Boo- 
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[Taeg]^C{S!a^[^J,~WH& rmnmi assembled by single In 
situ DCC coupling of the C{3)aeg residue utilising 0,13 M of 
B©cC£23ae$~CH together with 0,13 H DCC in 2.5 mi 50% DMF/CH S C1 S 
and by coupling the faeg residues with 0.13 M BocTacg-OPfp in 
5 2.5 ml neat CHjCl*. Each coupling "reaction was allowed to 
proceed with shaking overnight, The synthesis was monitored 
by the liinhydrin reaction, Mhlch showed close to quantitative 
incorporation of all the residues. 

m Cleavage* Purification, &m Identification of H~ 

io |m»gl*-ea«g> £$aaf I*"** 

The protected Bos-(W^F j,-C<?) aag~paeg resin was 

treated as described in Example 17 c to yield about 44.4 m of 
crude material upon EF cleavage, of about 123 mg dry H~£Taag] s - 
C { 2) aeg- r-Taeg] ,~M8HA resin. Crude product (11.0 mg} m& 

15 purified to give 3.6 mg of H-rTasgjr-eaeg-tTaag],-^. 




. o»3 g of wet Boc-CTaeg3r-I^*<C12)-MBHA resin was 
placed in a 3 mi SFPS reaction vessel. Boc~Taeg-C(Z)aeg~ 
tTa®g3 x -Lys (C18) -MBHa resin was assembled by single In situ 
DCC coupling overnight of the C{S}asg residue {"Synthetic 
25 Protocol*' 3) utilising 0.2 M of BocC[Z]a©g-0H together with 
0.2 m DCC in 2.5 ml 50% BMP/CKjCls (incorporation was about S0% 
as judged by ninhydrin analysis? remaining free amino groups 
were acetyiated) and by overnight coupling the Taec residue 
with 0.1S M BocTaeg-OPfp in 2.5 ml neat CH S C1 5 (nearly 
30 quantitatively J . 

m Cleavage, Purification, aad identification of H~ 
Taeg»caeg~ [ Taeg ] ^LysBlj. 

The protected Boc-Taeg-C{S)aeg»[Taeg] r -Lys(ClE} -MBHA 
resin was treated as described in Ixample 17c to yield about 
35 22.3 mg of crude materiel upon fit cleavage of about 76.5 mg 
dry H»Taeg~C{-Z)aeg~[Taeg} s -Lys{Cia} -MBKA resin. Crude product 
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{fi.7 ag) was purified to give 2.6 sag of H-Taeg-Caeg-tT&egj.- 
LysNH s . For <M+H) + the calculated »/2 value was 2792 .as and 
the measured »/z value was 2792.21. 

5 ..104 

Solid-Phase Synthesis of HHSae^lTaagj^-Lya-KH, and H»[faeg3.~ 
caeg- (fssgj r J^s»sm^ 

(a) stepwise &ssatably of 8oc-tTa»g} s «C(2}««g«-(;!i!ae?r3,» 

10 About 0,S g of vet Boc-tTaeg^-LysfClJJ) -MBHA resin was 

placed in a 5 ml SFPS reaction vessel, 8oc-tTaeg].»e(g)aeg~ 
CTaag3 f ~Lys{ciZ} -MBH& resin was assembled by single in situ 
DCC coupling of all residues utilising; (1) 0.12 M of 
8ocCt2Jaeg~OH together -with 0.12 H PCC in 3.0 ml 50% DMF/CH 2 C1 S 

IS or (2) 0.12 u BocTa«g«0H together with o.ia M DOC in 3,0 ml 
50% OHF/CH s Clj ("Synthetic Protocol »») . Each coupling 
reaction was allowed to proceed overnight with shaking. The 
synthesis was monitored toy the ninhydrin reaction, which 
showed close to quantitative incorporation of all the 

20 residues. During the synthesis, a snail portion of H~£{g}aeg~ 
C^«g3s-Lys (CIZ) -mm resin was taken out for HF cleavage. 

Ch) Cleavage, Purif ioatios, and Identification of H* 
€aeg~ r^g^ys-MX,, 

The protected Boe™C {%} aeg ~ { laeg ] j~-by s { CI S ) resin 

25 was treated as described in Bxample 17c to yield about 3 . 0 ng 
of crude material upon HF cleavage of 37.5 mg dry H~C[23aeg- 
[Taeg3 s -Lys (C12) -MBHa. resin. About 0.7 mg of the crude 
product was purified to give about 0*5 -sag of H-caeg~CTa«gr&- 

30 

Co) Oleavage, Purification, end saeatlf ieation of a- 

The protected Boc»^aeg}^C[Sjaeg-[Taeg}^Lys (C1Z) -MBEa 
resin was treated as described in Example 17c to yield about 
3S 37.7 mg of crude material upon HF cleavage of 118.6 mg dry H- 
fTaeg]^C[2!aeg-[Taeg3^s{€lI)>»MSim resin. 
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About; 5 g of vet Boe~Lys (CIS) -MBH& resin (substitution 
- 0.3 aaaol Lys/g) was placed in a 30 mi SPPS reaction vessel, 
Boc-CC(S) aeg3«rLys (CIS) resin was assemble by single in 
#it« X)CC coupling of the first three residues with 0,1 H of 

10 BocC{Z)a«g-aH together with 0.1 M DCC in 10 ml 50% DKF/CH 3 C1 3 
("Synthetic Protocol and by single in situ Die coupling 
of tba remaining seven residues with 0,1 M of BocC<Z)aeg~OH 
together with 0*1 K Die in io ml S0% BMF/CH f ci ; ( "Synthetic 
$»rotoeoX 10») . All the coupling reactions ware allowed to 

IS proceed overnight, The synthesis was monitored toy the 
ninhydrin reaction, which showed close to quant itative 
inoorporatioh of all residues, Boring the synthesis., portions 
of the shorter fragments H~£C{$) aeg3,-X»ys (<&B) HBS8&A resin, 
iC(Z}&®$} e ~hys(ClZ}-mWk resin, H~{C(2)a©g]?'~I 1 ys{CXS} ™MBH£. 

20 resin, H^[C{2;}aeg3ri*ye(C12}-HBHA resin, and H~[e{g}aagJ,~ 
X»ys(CiS}~MSm resin were taken out for HF cleavage, 

|b) Cleavage* Purification, and Xdsnfcif ication of K- 
[Caegj^ys-BH,, 

«H® protsctsd soc~ccc2)a«sJj-'i.ys (CIZ)-MBHA resin was treated 

25 as described in Example 17c to yield about 10.. 8 sxg of crude 
material upon HF cleavage of 60,1 mg dry H-CC^ZJaeg],- 
Lys{Cl.g)-MBKA rosin, 

(o) Cleavage, purification, and Identification of H~ 

30 shfc protected Boe-f ci*>^}^I#s<C12S) HMBHA resin was treated 

as described in Exanple l?c to yield about 13.4 eg of crude 
material upon HF cleavage of 56,2 jag dry M-iC(Z}&&g] r 
Lya(ClZ)H«BHA resin. 
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m OXewmge, sarifieatioa, &a« identification of h- 

«&e ptatMstmw*&tcmm&i^hy& (CIS) -hbha resin was treated 
as described in Bxanple 17c to yield about 16.8 sag of crude 
5 material upon HF cleavage of SS»6 mg dry H~[C(S)aegj t - 
Lys{ClZ)-MRB& resin. 

{*) mm±$±mMi®n* and identification of h- 

«wt {Neetceted boc- f c c 2 > &eg ] »-I»y 8 ( CI £ } HKBHA rosin was 
10 treated as described in Sxample 17 c to yield about 142.4 mg 
of crude material upon HF cleavage of 441 sag dry H~ECC2)asg3„- 
Lys(CiZ}~M5HA rosin. 

15 ®olid~Phase Synthesis of E^^^3^aeg~^aag3^ea^t^ag3,~ 

{«) Stepwise ASMMdUy of Bo««c«ft^3,-e^).*-«g- |»gj a «- 

•About 0,3 g of wet H-C^aeg|3~C(S>aog~[Taeg3,-%s{Cia)- 
20 mm resin from the earlier synthesis of Boc- t *aeg 3 *~C { '2 > &®g~ 
[Taeg] 4 ~&ys (CIS) -H8HA resin was placed in a 5 al SPPS reaction 
vessel, After coupling of the next residua five times, a 
total incorporation of BoeC{2}aeg of 87% was obtained* The 
five repeated couplings were carried out with 0.18 M 
28 BocC(Z)a«g-opfp in 2 ml. of TFS/C^Cl, v/v) f 2 ml of 

TFE/CH 2 C1 S (1:3 , v/V) , 2 ml. of 9?FE/CH,C1 2 (1*2, v/v) with two 
drops of dioxana and two drops of DIBA (this condition gave 
only a few per cent coupling yield), 2 ml of TFE/CH.Ci, (U2, 
v/v) plus 0.5 g phenol, and 1 ml of CH S C1 X > plus 0.4 g of 
30 phenol, respectively. The two final Uaog residues ware 
incorporated close to quantitatively by double couplings with 
0.25 K SocTaeg-OPfp in 25% phenol/ CH 2 C1 3 > All couplings were 
allowed to proceed: overnight. 
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£ys(C12)~KBHA resin was treated as described in Bxaiqple 17c 
S to yield ahout 7 mg of exude material" upon HP cleavage of BO* 7 
xog dry H-[Taeg3,~C{S) asg^[Ta«g3 a --C(8)aeg-CTaeg3^Lys<cl2) -MBH& 
was purified to give 1,2 s;g of H~ 
(>99.$% purity}* 




g| -r«-mj - ca«g| - f - t**»9r3 - 1 3*»«r3 ~ C**«ff3 * C»*«sr3 " C 

IS fWt^-MHSH^. C«-*H& * ««a«iaoli«»»»o±o aoid) 
(Figure 2«) 

The protected WKk was assembled onto * Boc-Lys(CXZ) 
modified MBE& rosin with a substitution of approximately 0*30 
jssmol/g* capping of -uncoupled amino groups was only carried 

20 out before the incorporation of the BooSaeg-OH monotser* 
Synthesis was initiated on 1,00 g (dry weight) of preswoXXen 
(overnight in 00$) and neutralized Boc~Lys{ClS)~mm resin, 
She incorporation of the nonomers followed the protocol of 
Example 32 and Example 71, The coupling reaction was 

25 monitored by qualitative ninhydrin reaction (kaiser test). 
In case of a positive Kaiser test, the coupling reaction was 
repeated until the test showed no coloration at the beads. 
Final de-protection, cleavage from support, and purification 
ware performed according to 

30 



21), 

(a) Synthesis of test 

Z™ami£LO~~&~Q~-$>®m¥l purine. To a solution of 2,5 g 
(0*109 mol) of sodium in 100 ml of benzyl alcohol was added 
10.75 g (0.063 mol) of 2~aMno~S~chXoropurina, The mixture 



wo n/imm 
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was stirred for 12 h at 120 0*C. The solution was cooled to 
room temperature and neutralized with acetic acid and 
extracted with 10 portions of SO ml of 0,2 H sodium hydroxide. 
The collected sodium hydroxide phases were washed with 100 ml 
5 of diethyl ether and nautraliiged with acetic acid, whereby 
precipitation starts* The solution was cooled to 0*C and the 
yellow precipitate was collected by filtration, 
Bacryetallization from ethanol gave 14,2 g 92% of pure White 
crystals of the target compound . lH~Bmis (250 MBz~~DHSO~d6} 
10 d ppm; 7. §2; bensyl aromatic, 7. 60-7 .40? 2M% f -6,36/ 

benzyl CH2 f 5.57* 

{2-&sdsa-<8~0-bfm%yl purinyl)xetbyXathaxioate. A mixture 
of 5 g (0.0207 mol) of 2~amiBo»6~0~henzyl~purina f 30 ml of DHF 
and 2.9 g (Q.031 mol) of potassium carbonate was stirred at 
IS room temperature. Methyl hromoacetate {3.2 g; 1,9 ml? 0,8309 
mol) was added dropwlse. The solution was filtrated after 4 
h and the solvent was removed under reduced pressure (4 rnmBg, 
40 *C) » The residue was recrystailised two times from ethyl 
acetate to give 3.7 g (57%) of the target compound. W™mm 
20 (2 SO MHz, BMSO~d6> a ppm? a~H, 7,93; benzyl aromatic 7,4-7.6; 
2-48%, 6,61; benzyl CK2, 5.03? CE2 t 5.$9; OCH3, 3,78. 

f«J».«^R>iti«ae *«a/cawwidc^«H>-jbenaryl jsuriayi; methyl 
ettaoate. To a solution of 0.5 g (1,6 -mol) of (2-aaino»6«o- 
benzyl purinyl) methyl ethanoate in 25 ml methylene chloride 
2S was added 0,S3 g (1.62 samel) of p-toltxenesulfonic anhydride 
and 0.22 g (1.62 wapl) of potassium carbonate. The mixture 
was stirred at room temperature . The mixture was filtered and 
the solvent was removed at reduced pressure {15 jarnHg, 40»C) . 
Diethyl ether was added to the oily residue . The resulting 
30 solution was stirred overnight, whereby the target compound 
{ 0.415 sag,- 55%) precipitated and was collected by filtration. 
1H-HH0R (250 mz, DMSO-dSJ d ppmi 8-H, 8.97? aroma tie 7.2-7.8? 
benzyl CH2, S f 01? €H2, 4.24; QCH3 , 3.73? CH3 , 2.43, 

|b) Stability of the tosyl protected te&8e-r«sidu« in 
35 EFA and HF. 

The material was subjected to the standard dsprotection 
conditions (TFA-deprotection) and the final cleavage 



WO 92/2!>?82 



conditions with HF. The products were then subjected to hplo 
analysis using a 4 » RCH 8x10 13ova pack column and solvents 
A (0.1% TFA in water) and B (0.1% OTA in aeetonitrile) 
according to the following time gradient with a flow of 2 
S ml/mi*u 



Time % A %B 

0 100 0 

§ 100 0 

35 0 100 

10 3? 0 100 

39 XOQ 0 



39»« following retention times were founds (a) Compound xs 
30*77 Bin; (to) compound 2: 24*22 min? and (c) compound .3? 
IX. ?s lain. The analysis showed that the OfiHbenayl group was 
15 removed both by TFA and HF, whereas there was no cleavage of 
the tosyl group in TFA^ tout quantitative removal in HF under 

20 &»Br«mour»eil~M 1 ~methyl aoetate 

S-Brotsouraeil (5.00 g; 26.2 mmol) and potassium 
carbonate (7.23 g; §2,3 wmi) were suspended in IMF (75 ml) * 
Methyl toromoacatats (2.48 ml? 26,1 mmol) was added over a 
period of 5 ain. The suspension was stirred for 2 h. at room 

2S temperature, and then filtered, The solid residue was washed 
twice with DMTf and the combined filtrates were evaporated to 
dryness, in vacuo. The residua was an oil containing the 
title compound, DMP and some unidentified impurities- It is 
not necessary to purify the title compound before hydrolysis* 

30 Vnnr (DMSO-d^ 250 mz) ? 8.55 (impurity) ; 8.2? (CBr-CMH); 
8.02 {impurity}? 4.76 (impurity); 4,70 (impurity); 4.62 
(Na%C00CH 3 ); 3,78 |C0G€S 3 )? 2,06 (DHF) ; 2.80 (DMF) > C C-M 
(DMSC-O^ 250 MHZ}? 168,8 {£000%); 172- S (CH-CBrCDH) ; 161.6 
(DHF) J 151.9 (HCOH); 145,0 (COH^r-gKN) ; 95.6 (CQQB***Om) ? 

35 52,6 (impurity) j 52,5 (OCH 3 ) ; 49.7 (impurity)? 48. s 
(H^CGQMe)? 43.0 (impurity) j 36.0 (DMF). WtMethanol; itm nm} ; 
226? 278, 1R <KBr?cm* 1 _? 31S8s (_NH) ? 1743VS <J>0, COOHe) ; 
1701VS C_€«0, COTO? MSSvm (3 CH, CE^O) ; X223VS (_ 00, 
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CQOMa)? $64 a (3 CH, Br»C-H). FAB-MS m/z (assignment) i 
265/263 fM+H) . 

Water {30 il) was added to the oil of the crude 
product from Example 109 and the aixture was dissolved by 
adding sodium hydroxide (as, 60 nl) « After stirring at 0«G 
for 10 sain, hydrochloric acid (4M, 4S sd) was added to pH*2 

10 end the title compound precipitated. After so sin, the solid 
residue was isolated by filtration, washed once with cold 
water, end then dried in vacuo over sicapent. field? 2.46 g 
(38%). Hp, 250*~251«€, Anal, for C^Br^O*. Found -{calc. } :s 
C: 22.78 (28.94)? H: 2.00 (2.02)? Br: 32,18 (32.09)? Hs 11,29 

IS (11.25) . VHHR (DMS0-<Jj, 250 MRS) s 12 , SS (1K.S, COOK) ; 11.9? 
(3Ji,8,i01>; 8.30 <lH f « # 0-<Nfi) ? 4. 49 (2H, a, tfC^COGH) . t3 OKMR 
250 MIS)? 169,4 {£00HJ J 159.8 { NH.Q0CBr~€H) ; 150.04 
£H£0H}| 145. 8 (COCBr-g^)? 94.6 (C0£Br»CHN) f 48*8 (NCH 2 CO0H) ♦ 

W (Methanol; ^.nm}; 226? 278. IE (KBr? cm" 1 )? 3187s 

20 170Sys <_O0,000fi>; 168?ve? 1654VS (J3*Q t COSH) ? 1192® (J>0, 
C00H); 342 m (a CH, Br«OC-B) . FAB-MS m/z (assignment, 
relative intensity); 251/249 (M * H f S). 

25 M- (Qoe-«»ino«thy2 > |S~hromoraeil) mei&yleaacarhoaoylglycise 
ethyl ester 

Boc-aalnoet&ylglycina ethyl aster (1.80 g; 7.30 ssmol) 
was dissolved in DMF (10 ml}. Dhbt-OH (1.31 g; 8.03 tmol) was 
added,- whereby a precipitate wee formed. DMF (2 at 10 »i) was 

30 added until the precipitate was dissolved. The product of 
Example 110 (2.00 g; 8.03 state!) was added slowly to avoid 
precipitation. Methylene Chloride (30 ml) was added, and the 
mixture was cooled to o«c and then filtered. The precipitate., 
DCU, was washed twice with methylene chloride. To the 

3S combined filtrate was added methylene chloride (100 ml). The 
mixture was washed with half saturated KaHCOj-soiut ion (3 x 
100 ml, E 2 Qt saturated HaKCOj- solution 1:1 v/v) , than with 
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dilute KHSO A ~solution (3 x 100 .ml, H 2 0 : s&tur at ad KHS0 4 ~$ol«t ion 
4.1 v/v), and finally with saturated NaGl-solution (3- x 100 
ml) , The organic phase was dried over Bagnesiuas sulphate, 
filtered, and evaporated to dryness In vacuo (about 15 HaaBg 
s and then about i rnssHg). The residua was suspended in 
methylene chloride (35 ml}, stirred for 45 min at room 
temperature, and filtered (the precipitate wes BCU) . 
Petroleum ether {2 volumes) was added dropwise to the filtrate 
at a»C, whereby an oil precipitated. The liquor was decanted 

10 and the regaining oil dissolved in methylene chloride £20-50 
ml) , Precipitated was effected by the addition of petroleum 
ether (2 volumes) ♦ This procedure was repeated S tisaes until 
an impurity was removed. The impurity can be seen at T1*C with 
10% HeOH/CH a Cl.g as the developing solvent* The resulting oil 

IS was dissolved in methylene chloride (25 ml) and evaporated to 
dryness in vacuo, Which caused solidifioation of the title 
compound. Yield? 2.03 g ( (58%) . Mp, 87«~90*C. teal, for 
C 17 H g5 BrN 4 o ? . Found (calces C5 42.33 (42.78) j Hs 5. IS (5. 28) ? 
Br* 17.20 {16.74} ; 1.69 (11.74). ! H« {DHSO-d*, 2S0 WlZ, 

20 J in Bz)i 1.83 & 11x92 ClB ? S,e«0Hie«>O}| 8. OS & 8.07 
{XS*fc,<>C-fi) ? 7.00 & 6*80 (lH»t f h f BocHS) ; 4,80 & 4*62 
C2H,s,*rC^eaN}; 4.35 & 4.24 (2H>s>l?a^SO0St)| 4. 27-4. IS 
(2H,»*S, COOC^CHjO}; 3,4.7-3x43 (2H,SS'S, BocHHCHgCHgM) ; 3,28™ 
3,25 & 3,12-3.09 (2H,m'S,BOC^qg 2 CH-^) 5 1,46 & 1.45 

25 (9H,S,*Ba)j 1,26 & 1.32 (3H,fc,J~?,l, COOCH^} . 15 CHHMR (D!4SQ~ 
& &t 250 MEs) ; 169,3 & 169.0 <*8»O£«0) ? 167,4 & 167.1 (COOBt)? 
159, g COC-OOHU 155,9 (NCHjSOS) J 150,4 (HCOM) | 145. 9 (COCBr- 
94,5 (COCBr-CHH) ? 78,2 (Me 5 £) ? €1.3 & 60.7 (COCH 2 CH 3 ) ? 
49,1 & 48.0 (HCHgCOOH); 48,0 & 47.0 ( N CHACON } ? 38,6 

30 fBec«H 2 CH 2 H} ; 33.2 {BocHEfiHgCH^} ? 26.3 (C(£%) 5 ) ; 14x1 
(COCEgCKg). uv (Methanol; ^mQt 226? 280* IK (KBr, Ot 1 )? 
320<J»s, broad (J«H) / l.SSvs,. vbroad (JX>, CO0H, COMH) ? 1350a 
C C~0, COOBt) ? 1170s <_C~Q, COO^U) ; 859m 0 OH, 8r-OC~H) . 
F&B-MS m/s (assignment,- relative intensity) ; 479/477 (81 * H, 

35 5) ; 423/421 (K * 2H - 'Big 8) ; 379/377 (M 4 2H - Boc, 100) j 
233/231 (M - bac&bons, 20). 
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glycine 

The product of Example ill (1,96 g; 4.11 soaol). was 
5 dissolved in methanol (30 ml) by heating, and then cooled to 
Q*C. Sodium hydroxide (2M, 30 ml) was added, and the mixture 
stirred for 30 ®in« HC1. £1M, 70 ml) was added to pK « 2.0. 
>£he water phase was attracted with ethyl acetate (3 x 65 ml 
+ 7 x 40 ml) », 'l*he combined ethyl, acetate extractions were 

10 washed with' saturated KaCl-solution {§00 ml) . The ethyl 
acetate phase was dried over jaagnesiusa sulphate, filtered and 
evaporated to dryness in vacuo. Yield? 1,77 g (96%) , Hp, 92*~ 
97»C« Anal, for e t5 %Brl? 4 o r Found (ealo.)s c? 40,79 (40.10) ? 
Ht 5>is {4.71)1 Br; 14.64 (17.70); Ms 11,35 {12*47} . ViiMR 

IS (DXS0-d Sf - 250 MHz, J InHs) s 12, 83 (lH,s,C0Qa) f 11.93 S 11.91 
(lH,8,OONao«OJ; 8.10 & 8.0? (lH,8,OC~E); 7.00 & 6.81 
(lH,t,b,Boc<Hgi; 4.79 6 4,61 (2H,s,K€%COH) ; 4.37 & 4.25 
C2H,s,^COQH)? 3.46-3.39 (2K r »'«, BOOimCH 2 C|^K) } 3.26-3.23 
S 3,12-3.09 (2H,mfS, BO^C^CHgN) j 1,46 (^S^Bu), W CSMMR 

20 SDHSO-d^SO MH2); 170.4 ( £ BUOC*»0) ? 166. 9 (gOOH) ? 159,7 «W- 
COM)? 1§S,8 (tfCffafiOR),. ISO. 4 (S£QN) ; 14 9.9 (COCBr^HH) ; 94,4 
(COCBr-CHM) / 78,1 (MfejS) / 49,1 & 48.0 (RSBjCQOH) ; 47.7 § 47.8 
{MCH 2 C0N}? 38,6 (BocMCgCl^N) ; 38,1 (Boo MBCHgCHgH) ; 28.2 
(C{£H 3 ) 3 ) . W (Methanol? ^nm) ? 226; 278, IK (XBr,o»~') t 

25 3194ms, broad (jM) ; 1686VS, vbroad (JX> COOB, COSH); 1230s 
Lp~O f eOOH) ; 1170S {J^COC^BU); SS33B (5 CH, Sr-OC-H) . FAB- 
MS tojz (assignment, relative intensity) : 449/451 (M * h, 70) | 
349/351 -5- 2H -Boc, 100) ; 231/233 (M - backbone, 20} , 

Braoil-H'-msthyl acetate 

Uracil (10.0 g? 89,2 mmol) and potassium carbonate 
(24,7 g; l?S mmol} were suspended in DMF (250 sal) . Methyl 
foromoaeetate (8.45 ml; 89.2 waol) was added over a period of 
35 5 Bin, The suspension was stirred overnight under nitrogen 
at room temperature, and then filtered. TLC (10% methanol in 
ethylene chloride) indicated incomplete conversion of uracil. 
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i twice with ®m t and the combined 
evaporated to dryness in vacuo. THe 
in water (SO ml) and HCX (2.5 ml, 
:»■ 2 : . The suspension was stirred for 3-0 
ften filtered. " precipitated title 
shed with water and dried, in vacuo, over 
9,9% 9 pO%), 1$. 182* - 183*C, Anal, for 
C 4 E g J? 2 0 4 . Found (Calebs Ci 4S»38 (43.66)? H; 4,«m (4.38} ? ft; 

as. oo (15.21). \i~nm xmm~& & i mo mz, or in ke)i x.4? 

1.0 MS}?' 7.63 (XB,4 f ^cc-k"* 7 * 9 ) > CH^CJP?) ? 5.69 (XH,d, 

^7.9), qg«C3SN); 4. 59 (2B, s, NCfijCOCSKs} f 3.76 (3H,s, COOQfe) . 
1S C~J?HR (DMSO-d^, 350 MlZ) ; 168.8 (fiOCWe) ? 164.0 (C^C-gON) ? 
151.1 (HfipH) ; 146.1 <COCH«fflBH) ? 101,3 {€0£H~eBN} ; 52.5 
{C0Qg%}; 48.7 CH0%COOMe). wt (Methanol; {Mac «a): 226; 261. 

15 1R (KBr; cm" 1 }; 3164S (jm) ? 174 8vs (J>0, CGOMe) ? 1733 VS 
<J>0, COHH},' 1450VS (3 CSS, CH s O)| 1243VS {j3~0,£O©Ma} ; 701xa 
{a CH, H~OC~H). n&*mnf* {assignment]? 185 (H-fH) » 



TOSSE&E 114 
20 sraeilaeetio asid 

Water (90 ml) was added to th» product of Example 113 
(S*l€ g| 47.5 wool) , followed by eo&iuss hydroxide {2H, 40 ml) . 
The mixture was seated for 40 min, until all the methyl ester 
has reacted. After stirring at Q«c for 15 min, hydrochloric 

2S acid (4M, 25 ml) was added to p-B-2. The title compound 
precipitated and the mixture was filtered after 2-3 h. The 
precipitate was washed once with the mother liquor and twice 
with cold water and dried In vacuo ovar sieapent. Yield; 
6,. 66 q (82%), Hp. 288<>~289*C. Anal, for <VWV Found 

30 (oalo.}« CS 42-10 (42.36), Hi 3.43 (3. 55); Ns 16,25 (16.47)/ 
*HHHMR (DHSO-d^), 250 HHa, J in Hz) : 13.19 (1H, 8, COO® ; 11,41 
{lH,s,Ng}; 7.69 (lli,d, t J 8 . OT -?.S, %e-CHHr 2 * 0 ' cocfe^chn) } 4,49 
(2H,s,HCH 2 CQOH) . %•« (SMSO-d^, 2509 HHa) ? 169.9 {CQQE} ; 
163*9 (CH-CHCO&)? 151. 1 (HCOM) ; 146.1 (COCK^OTJ j 100.3 

35 (CO£K^CHKj; 43,7 SfCEgCOGH- BV {Methanol? ^ x nm) i 246? 263. 
IK (.KBr? CM 1 )* 3122a (JIB) ? 1703 VS (J>G, COOH) | 1698VS, 
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ijo*®, com)j mm® {jz^,mmy$ (B m f h-c»c~h) « 

FAB-MS »/a (assignment) i 171 (M + H) . 
IIS 

t S »- (Boeaaiftootfcyl) ~B« twnol*-n % ^*thyl*n*v*v*9n9Ttl } glycine 

ethyl ester 

(Bocaminoathyl) glycine ethyl ester (2,00 g; 8*12 soaol) 
was dissolved in BMW (10 sal) . Dhfot-OH (l.4€ gj 8>93 amol) was 
added and a precipitate was formed. BMF (2 X XQ mX) was added 

10 until all was dissolved. The product of Example 114 {1.52 g? 
8.93 mmoi) was added slowly to avoid precipitation, Methylene 
chloride (30 ml) was added, and the mixture was cooled to o*e, 
whereafter DDC (2. Dig; s.?4 ssmol) was added. The fixture was 
stirred for i b at O'C, at 2 b at room temperature , and then 

IS filtered. The precipitated 0C0 was washed twice with 
ethylene chloride. To combined filtrate was added methylene 
chloride (I0Q ml} f and the solution washed with half -saturated 
MC03~soiution (3 x 100 ul t HgOi saturated KaH€0^solut ion 1M 
v/v), then with dilute £HS0 4> solution (2 x 100 ml, 

20 H 8 0.« saturated KHS0 4 ~solution 4?l v/v) and finally with 
saturated 8aCl««soXutioh (1 x 100 ml) . The organic phase was 
dried over saagmslam sulphate, filtered and evaporated to 
dryness in vacuo (about 15 mmHg and then about immHg) , The 
residue was suspended in methylene chloride (32 ml) , and 

25 stirred for 35 win at room temperature, and 30 min at 0*C r and 
then filtered. The precipitate (DCU) was washed with 
methylene chloride. Petroleum ether (2 volumes) was added 
dropwise to the combined filtrate at 0*C, which caused 
separation of an oil, The mixture was decanted, the remaining 

30 oil was then dissolved in methylene chloride (20 ml) , and then 
again precipitated by addition of petroleum ether {2 volumes) . 
This procedure was repeated 5 times until an impurity was 
. removed. The impurity can be seen by TLC with .10% MeOH/CH 2 Cl 2 

as -the developing solvent « The resulting oil was dissolved 

35 in methylene chloride (20 ml) and evaporated to dryness in 
vacuo, which caused solidification of the title compound, 
yield; 1.71 g (S3%) . Hp. 68. 5* - ?5.7*C. Anal for C 1? %N 4 0 7 . 
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Pound (calc.)* Ct 50.51 {51.25)1 H: 6.48 (€-58) ; Ns 13,33 
(14.06) » CBMSO-<%,2SS J in U0} i 11.36 

(IH^.C-OKIOO}; 7,51 & 7.47 (18^%^* S.I; C0CH*X"iiJ } 
7.00 S 6.80 {lH,l,b, BQcm}? 5.83 & 5.68 (1X1, d, J TO 3.7, 
S COCI^CH)? 4,78 & 4*60 (2H,»,KCSa z COH') ; 4.37 & 4*12 
(2H,s,KCh g COOEt); 4.30 - 4.15 (2H r *?«jC0<K$kC%$ I 3.49-3.46 
<2H f m's, BocaSHCHgCgan) ; 3.2? 3.23 & 3.11-3,09 (2H, »*8, 
BocKHCHgCHgH; 1.46 <0H, 8, *Ba) ? 1.39-1.23 <3H, B ? s f COOCH^) . 
^CHSHR^DHSO-^, 258 MHs) s 169-4 & 169. 0 (*BaOC-0) ; 167.6 & 

10 167.3 (COOEt) ; 163. S {CH*CH£QS) ; 155.8 (MCHgOSM) | 151. 0 
(STgOIf } ? 146.3 (COCH~|2H^> ; 100.8 (COfflS«CHMI) ? 78.1 (He 3 C) ; 61.2 
& 6D.6 CCOQSH 2 CH s } } 49.1 {F£H 2 C00Et} ; 47.8 & 47.0 (MCHgCOK) j 
38. 6 CBocMHCH 2 CH ? N) ; 38.1 & 37.7 (BocNHCH^) ? 2S . 2 ' {C<£ISj) 3 } ; 
14 .1 CC0»0C%S%, W (Methanol; ^ ran) ? 226; 264. IE (KBr; cm* 

IS V* 3053m (JHH); 16S5VS, vferoad { w OO, COOH, Com) ; 1253S (J> 
O, COOEt)? 1172s CJX3, €00%m)| 718w (J CH, €~C~OH} , P&B-MS 
»/« (assigaasnt, relative iat«aisity>; 399 (M * H, 3 5) ? 343 CM 
* 2H - *Bu, 100} ; 299 |M i 2H - Bac, 100} ? 153 (H-bacfcfcanft, 
30}. 

20 

116 

B~ (Bee«aiao«thyl) (uraeiteefchylaneearfeenoyl) Sl*eiae 

The product of Example 115 (1.56 g? 3.91 wml) was 
dissolved in methanol (20 ml) ami then cooled to 0*C, Sodium 

25 hydroxide (2H , 20 »1) was added, and the fixture was stirred 
for 75 min at G*C. Hydrochloric acid (lK f 46 mi) was added 
to pH * 2.0. The water phase was extracted was ethyl acetate 
(3 3C SO ml + 7 x 30 ml). The combined ethyl acetate 
extractions were washed with saturated mcl solution (360 ml) . 

39 the ethyl acetate phase was dried over magnesium sulphate,, 
filtered, and evaporated to dryness, in vaeao. The residue 
was dissolved in methanol and evaporated to dryness, in vacuo, 
yield: 0.55 g (38%). Mp 184 s - 1?8»C. Anal, for C ts % £ M 4 0 ? . 
Found (cale,:}; C: 46.68 (48.65)? H? 8.83 (5.99); m 1461 

35 (15.13). %*~mm (DMSO-d*, 250 KHs, J in Hz) } 13.83 <1H, s, 
COOH); 11.36 (IE, O»QSHP*0) ; 7.52-7.45 (1H ? a's, COCH-CKN) ; 
7.00 & 6. 82 (1H, t,h, BocM); 5.67-S.62 (IE, M's, COCfi^CHN) J 
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4.7€ & <SH, s f »eS a €OHH * 4.03 t*Rf P# NCJ&COGH) ? 

3*4S™3,3f »»», BOCUHCHjCSalf) f 3*25-3*23 & 3.15-3.03 (aH, 

BooHHq&CM^) j 1,46 (SH, S, fc Btt> • **C-MHR (OMSON^, 280 
HKX}} 1703 ^JBUC^-O); (OOQB) t' 103.3 {©-C-SON) ; 1SS«8 

a {KCHgW)? ccoc^Hnir 100,8 man^mm) t 

7$«1 (JSa,£>f 49.1 & 47* a C0CH)* 47 «* S 40,9 {K£B*C0H) t 

3§,& (BOCHHCKaSEaaH) ? 3«.i & 37*0 (BfiSCMfiH^CHglf) * 30,? £^«a> * 
PV (Methanol?.. ms nm}| 226? 204* (KBr? am* 1 }} 5190 (J08J f 
IfiSSva, Ytod (_O0, COOH f CQUM) * 12S3a (_C~0, COOH) ; U?l* 
10 U>0 f 000*88) * (3 CE, H~C**C~K}. FAS-HS «/s Cassigniaent , 

relative tet«n®Ity} i 3*1 t* * H, 25) ? 271 (K 4 H -Boc, 100) » 

Synthesis of tft* tifcls compound wa*. &o««mplis»©d &y 
IS wing «syntfc*tic Protocol 10* . $?h« *y»th«*i* *** ihitlatad 
on &$pr®xlm&»l$ loo ag hfs <ci»)*HH»A-r«^i».- TO 
produot (12 sag) was pore onough tor hybridisation studios* 
«he hybrid between 5 10 and H~01O had m of g7,0*e, 

SO Deprotection and cleavage of H~[£aeg}j S ~Lys~HHfc fey 
Triflueroaethansulfonio Acid (TOSSA) . An Alternative Method 
to Beprotoctlon and Cleavage fey Hydrogen Fluoride <HF> * 

m m$xi»*mtem of siaa-chsia Protecting swgi 
fey a ^w-3J*£«ifc£» fFMSM»~0Ei fcrws*d«r« 
25 A portion of c*. 0,4 g wet B©c~£Cac^j„riffsCCIZ)Ha^ 

rasin {prepared in one of the previous *xa»ples} was pl&oed 
in a e> ml solld-pnaso reaction veeesi, Tne n-Ter»inal Boo 
group was removed toy the following protocol t (1) 501 

TFA/CHaCl,, 2x1 Slit* and 1 X 30 Slits* (2) 100% TFA, 2x1 »i» 
30 and drain* In order to d«pr©teot the feensyi-o^sod side-ahain 
protecting groups a t*o~o&lied s low«acidit:y S! tfksa procedure 
wae carried out «s follwt A »toc9c solution (a) containing 
S »X of TFA«DW8-»-cjre»ol (2s§J2, v/v/v) and a stock solution 

(B) containing m«TFKBA v/v) vera prepared, ®mt f the 

35 following steps were oarriad emti (3) 1 ml of otooh solution 

£&) is added to th* PNA»r«sin in tfc« reaction vessel vith 
ahaking for 2 rnin, h« tete? (4) 1 al of stock solution (B) 

fcool^d with iee/wator) is added : i» oortiona of 200 ,ul every 
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XOth »inut« over a pari*, of 40 »i«, and taxing is continued 
for aether SO *to (5) drate and vashing vita 100% if*, 



S 



deprofcected 

: . . aa ~»hi* acidity" TFKSA prsoodar. v». 

™-rt«l cut as fotl«»« A .toe* aoWltien (C) *>~ 
«.t, v/v) *« P r.p««d. tact, th. roUovtr., *«P. 

...w /.M •.--s^ *-.:-;••!! to 
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0,0-l.i out: C«) 1 -I of «*** • olrtioK <C! w " Sfld9d *° 
th. dwrotaot- ™x-ra.i„ to the SHI with «b» ^ 

2 »im C75 1 »1 ot .tod, wlation (B> toool.4 with i«/«t«, 
t . adte d in portion, or »0 ^ o«r » t«io* of 30 .in ana 
stoKta9 i. continue tor a»th« ISO -In, <«) «» « 
» in th. v..otio„ i. «mo« «*" ™ b the W«r «to 

«■ iO «1 .olutlon or ai.thyi.thar oooiod vith My 
i«/i» P rop»ol. n ord« to «*U» J» precipitation 
,00 ,1 of . nTO .pyriain. i. ad« drop*!** to th. 

„ .„, (M ».« saBesrna t»t i» decanted and the p«wip*ta*« i« 
2 «li "«I vith »ld dlsaolwd 



2^ An analytical W chremtograa showed a fti« 

product or ,ood parity and . ptottl. .!»»* to that 

torn tfce HF cleavage of K-tcaegJio-itfs-JJHa. 
additional peak* of course, -arising from pyridine 
^ ealt «lat*« early in cbro»atogrw»* Purification and 
^ identification vu carried out toy tl» t»u*i procedures, 

The«0 skiUedi in the asrt will appreciate that numerous 
changes "and edifications »y ba »do to tha preferred 
embodiments of the inwntion and that such changes and 
*o4ificoti™ ^ay fee made without departing from the spirit 
3, of the invention. It is therefor, intend,* that th. ^ « 
elaiau cover all such bivalent variations as fall within tJie 
trse epirit a»d seop® o* tfe« invention, 
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WHMf IB CLAIMS IS? 

X. a compound comprising a p Lyassids backbone bearing 
a plurality of ligands that are individually bound to assa 
nitrogen atoms located within said backbone, at least one of 
said ligands being a naturally occurring rmelaobase, < a noil- 
naturally occurring nucleobaee, a DMA interea later,, or a 
nucleobase-biuding group, 

a, "as compound of claim 1 wherein said &z& nitrogen 
atoms are separated from one another in said backbone by from 
4 to « intervening atoms. 

3. A compound .having the formulas 




n is at least 2, 

each of is independently selected from the group 

consisting of hydrogen, hydroxy,. {C^C^alkanoyl,, naturally 
•occurring nucleobases, non-natural ly occurring nucleobases.,. 
aromatic moieties, Dm intercaiators, nueleofoase-binding 
groups, heterocyclic moieties, and reporter Uganda f at least 
one of Xi 1 -*/* being a naturally occurring nucleobase, a non- 
natural ly occurring mieleobase, a DMA intercalator , or a 
nuc I eobase^feind ing group ? 

each of aW is a single bond, a methylene group or a 
group of formula? 
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x is o, s, se, RR 5 , cn 2 or c{e%} 2 ? 
t is a single hond f ®* & or 3***? 
each of p and q is aero or an integer from 1 to 
5, the. sap pn more, than 10? 

each of r M a is zero or an integer from 1 to 
5, the sua r+s feeing not sacra than 10; 

each and R 2 is independently selected from the 
group consisting of hydrogen, {€ r C 4 }alkyi which may be 
roxy- or alkoxy- or alkyltMc-substitutsd, hydroxy, 
aifcoxy, alky Ithio, amino and halogen; and 

each R S and a 4 is independently selected from the 
qroup consisting of hydrogen, (C r c 4 ) alkyl, hydroxy- or 
aikoxy- or aXkylthlo-substituted (G r ^)alfeyl, hydroxy, 
aikoxy, alky Ithio and amino? 

each of B*— B n is H or R 3 N% where R 5 is as defined 

" each of C 1 ~C* is CHrW or CR*#C%, where K* is 

hydrogen and R 7 is selected from the group consisting of the 
side chains of naturally occurring alpha amino acids, or R 
and R ? are Independently selected t roe the group consisting of 
hydrogen, (C^aXKyl, aryi, aralkyi, hateroaryl, hydroxy, 
(C^alfcoxy, (C r C,) alkylthio, RR 5 R* and or, whore ST and R 
are as defined above, and R 5 Is hydrogen, {C^alKyi, 
hydroxy-, aUcoxv-. or alkylthio- substituted {C,~C 6 ) aikyl, or 
R* and R ? taken together complete an allcyelie or heterocyclic 

SYStemf 'oach of bW is CRV, CR t 0<M or crate* 7 , where it and 
R 7 are as defined above? 

each of G % -cT X Is -HR 3 CO»» -HR*CS~, -MTSO- or ~t&CSQ rt 
in either orientation, where R* is as defined above? 

Q is ~C0 2 K, -COKR'R", -S0 3 H or -SOgHR'R" or an 
activated derivative of -CG^ or ~S0 3 H; and 

I is -*HHR* ' *R* f * * or C (0)R" " , where R' , R« , 

R"< end R f * r f are independently selected from the group 
cor^stxno oi nyar.g n alkyi. antno promoting groups, 
reporter " Ilgands, intercaXators, chelators, peptides, 
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proteins, carbohydrates, lipids, steroids, oligonucleotides 
and soluble and ncfc-soiafei* polymers, 



4, The compound of claim 3 having the formulas 




each L is independently selected from the group 
consisting of hydrogen, phenyl, heterocyclic moieties, 
naturally occutrisnig nucleobases, and nan-naturally occurring 
nucleobases? 

each R ? * is independently selected from the group 
consisting or hydrogen and the side chains of naturally 
occurring alpha amino acids? 

n is an integer £» 1 to 60, 

each k and m is, independently, aero or 1; 

each 1 is saro or an integer from 1 to 5? 
is OK, m z or »Mn:.-ysKHg? and 

R ; is H or C0CH 3 . 
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each h is independently selected from the group 
consisting of the Bucleonases thymine, adenine,, cytokine, 
guanine, ami uracil! 

each R 7 ' is hydrogen; and 

n la an integer from 1 to 30, 

6. A compound having one of the following formulas ; 

j [ } 



wherein* 

L is selected, from the group consisting of hydrogen,, 
hydroxy, (C f -C 4 )alJcanoyX, naturally occurring nucXeotoases, 
no»~nat«raiXy occurring nuolaobases, aromatic moieties, S»* 
interealatars, nuclaobasa-Mnding groups, and heterocyclic 
moieties, reporter iigands, wherein t 

at least one of L 1 -!/* is a naturally 
occurring nncleobase, a non-naturally occurring 
nucleobase, a DM intercalator, or a nucleo&ase- 
binding group? and 

amino groups are, optionally, protected by 
amino protecting groups? 
A is a simile bond or a croup of the formula; 

"£.«- 

store: 

x is Of s t && t .m*, a% or c(ch ? ) 2? 

¥ is a single bond, 0, S or 8K 4 ? 
each of p and g is zero or an integer from 1 to 
S, the sum p+g being not more than 10; 



r 1 




T 
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each of r and s is sero or an integer from 1 to 
5, the sum r*s feeing not more than ID; 

easels R 1 sM R 2 is independently selected from the 
group consisting of hydrogen, (€<~e,) sikyi,, hydroxy- or 
* alkoaty- or alkyltliio-stsbstituted (C t -C 4 )allcyl, hydroxy, 

alkoxy, aXkyithio, amino and halogen; and 

each # and is independently selected from the 
group consisting of hydrogen, (C,~C 4 ) alky 1, hydroxy- or 
aUcoxy- or aikyltnio«substit»ted (q-C^alkyl, hydroxy, 
aikoxy, alky 1th io and amino; 
B is M or rY, where R 3 is as def ined above | 
each C is Gr¥, Om 6 CHR 7 or CrVcHj,, whore R* is 
hydrogen and R ? is selected from the group consisting of the 
8 id® chains of naturally occurring alpha amino acids, or R* 
and E ? are independently selected from the group consisting of 
hydrogen, (e 2 ~C 6 )alkyX f aryl, aralkyl, heteroaryX, hydroxy, 
{C r C 6 )aXkoxy, {C^JaXkyXthio, m¥ and SR 5 , where R 5 and R* 
are as defined above,- and is hydrogen or <c r e 6 )alkyl, 
hydroxy-, aXkoxy-, or aUcylthio- substituted alkyl, or 

R* and R ? taken together complete an aiioyclio or heterocyclic 
system? 

each D is CrV, C%CrV or CHR^CER 7 , where R* and R ? are 
as defined afeove; 

each E is COOK, CSGH, SOOH, S0 2 OK or an activated or 
protected derivative thereof; and 

each F is HER 3 or HPgR 3 , where is as defined above, 
and Pg is an amino protecting group* 
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o£ claim 6 having the formulas 



wherein; 

each L is independently selected from the group 
consisting of hydrogen, phenyl, heterocyclic moieties, 
.laterally occurring nmlmhms®®, and non^urally occurring 
nucieohases; 

each R 7 ' is independently selected from the group 
consisting of hydrogen end t&» sid* chains of naturally 
occurring alpha amino acids; and 

each k, 1, and m is, independently, aero or an integer 
from 1 to 5* 




wherein; 

L is selected from the group consisting of the 
nuclsobasea thymine, adenine, cytosine, guanine, uracil, S~ 
methylcytosine f 6~thioguanina and §~hromouraeii f and protected 
derivatives thereof? 

sT is hydrogen; 
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E is COGS or an activated or protected derivative 
thereof? and 

F is S% or HHPg, where Fg is an amino protecting 



9. A compound having the formula; 



wherein; 

each I. is independently selected from the t$t:mp. 
consisting of hydrogen, phenyl, heterocyclic moieties, 
naturally occurring nuc I eobases ■, and non~naturally occurring 



each R is independently selected from the group 
consisting of hydrogen and the side chains of naturally 
occurring alpha amino acids $ 

n is an integer from 1 to 60, 

each k, 1, and m is, independently, aero or an integer 
from % to 5; 

is OH, HH 2 or ~NHX,ysH%; end 
R 5 is H or C0C%. 

10, A process for preparing a compound according to 
data 1, comprising the steps oft 

h) providing a polymer substrate, said polymer 'being 
functional ijsed with a chemical group capable of forming an 
anchoring linkage with an amino acid; 

B) coupling said polymer with a first amino acid 
through said anchoring linkage, said first amino acid having 
formula (IV) : 
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I 

I 

A 
{IV) 

wherein? 

L is selected from the group consisting of 
naturally occurring awlMbMW, non-naturally 
occurring tmcieobases, aromatic moieties, DMA inter- 
calatorsv nueleobase-hinding groups, heterocyclic 
moieties, and reporter Xigands, wherein amino groups 
are, optionally, protected by amino protecting groups; 

& is a single bond or a group of the formula? 



where: 



Xis 0, S, Be, HK 5 , CS 2 or C(C%) a | 
y is a single bond, O, S or SSR ? 
p and q are zero or integers from 1 to 5, the sum 
p+g being not more than 10; 

r and s are zero or integers from 1 to 5, the sum 
r+s being not more than 10; 

K 1 and R 2 are independently selected from the 
orouc consisting of hydrogen, (C^) aixyl, hydroxy- or 
alkeney- or aJJsyithio-substitoted (C r C 4 )al*yl, hydroxy, 
alfcoxy, alkylthio, amino and halogen; and 

E s and B* are independently selected from the 
ctroup consisting of hydrogen, (c r e 4 )aXkyI, hydroxy- or 
ailcoxy- or allcylthio-stahstituted (e r €«}a.Lkyi, hydroxy, 
aikoxy, alky 1th io and amino; 

B i s M or A** where R 5 is as defined above; 
C is CPM, CHR%iR ? or CwMcK^ where E S is 
hydrogen and 8 ? is selected from the group consisting 
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of the side chains of isaturaliy occurring alpha amino 
acids, or R 6 and a ? are independent iy selected fro® the 
group consisting of hydrogen, {Cjj-c^aUcyl, aryl f 
aralkyl, heteroaryi f hydroxy, (C^C^ alkoxy, 
C^alkylthio, RR 5 E 4 and SR 5 , "where K s and R 4 are as 
defined above, and K* is hydrogen or (Cj-Cfc) aXRyl, 
hydroxy- f alkoxy-, or alkyltfcio~ substituted {C,- 
G & }&Xk%l t or E & and R 7 taken together complete an 
alioyclic or heterocyclic system? 

D is crV, CH 2 CrV or CHR^CHE 7 , where R c and R' are 
as defined above/ 

B is cooH or an activated or protected derivative 
thereof; and 

F is HFgK 5 where E 3 is as defined above and pg is 
an amino protecting group; 

C) removing said amino protecting group from said 
coupled first amino acid to generate a free amino group? and 

D) reacting said free amino group with a second amino 
acid haying formula <XV) to for® a peptide chain* 

IX, The process of claim 18 further comprising the 
steps of; 

E) removing said amino protecting group from said 
second amino acid to generate a terminal free amino group on 
said peptide chain; and 

F) reacting said free amino group on said peptide 
chain with a further amino acid having formula (TV) to 
lengthen said peptide chain. 

12 . The process of claim II wherein steps E and F are 
performed a plurality of times. 

13, The process of claim II tether comprising 
removing at least one protecting group remaining on the amino 
acid moieties of the peptide chain. 
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t£ claim 10 further comprising 
anchoring linkage without substantially 



of claim "10 therein the polymer 
contains polystyrene, polyaeryXasdda , silica, a 



16. The process of claim 10 wherein the chemical 
group capable of forming said anchoring linkage is chloro-, 
and iodo-substituted a iky I , amino-subst itnted aikyl, 
and aryl-suostituted alkyl, amino- and aikyiaryl- 
substitute alkyl, hydro^substituted alkyl, or a derivative 
thereof having a spacer group that can be cleaved 
substantially without degradation of said polypeptide. 

of claim IS wherein chioro-sunsti--' 
alkyl is 
aryl is «- 

amino- and alkyiaryX-suhstituted alkyl is 
consisting of «~a»£no~3~ and « -amino- 
alkyl is 




IS. The process of claim 16 wherein: 
the chemical group is derived from an as»ino~c©ntaining 
selected from amino-suhstitnted alkyl, amino- and aryl 
substituted alkyl, and amino- and aikyXaryl-snbstituted alkyl; 
and 

the chemical group includes a spacer group derived 
from the group consisting of 4~<haioal.kyl}aryi™lower alkanoic 
acids, Boc~aminoacyl-4~Cax^etb.yl) aryl-lovar alkanoic acids, 
H-Boc-p-aeylben^hydrylamines, N-Boc~4 < - ( lower alkyl } ~p~ 
acy Ibsnabydrylaminas , u-Boc-4 ' - { lower aikoxy } ~p~ 
acylbenshydrylauunes, and 4»bydro3symethylphenoxy»lower 
alkanoic acids. 



19 , A proc c v ti a 
double-stranded polynucleotide , comprising contacting said 
polynucleotide with a compound that is different frora natural 
HHA and that Muds to one strand of the polynucleotide, 
thereby displacing the other strand"; 

20, The process of claim 1.9 wherein said compound is 
an oligomer comprising a homogenous or heterogenous backbone 
to -which are linked naturally occurring nuelsobases., non~ 
naturally occurring nucleobases or other .ligands that 
individually bind by hydrogen to at least one natural 
nucieobase in said boand polynucleotide strand, 

21, The process of claim 20 wherein said compound is 
the compound of claim 1, 

22, The process of claim 20 wherein said compound is 
the compound of claim 4, 

23, A process for modulating the expression of a gene 
in an organism , comprising administering to said organism a 
compound according to claim 1 that specifically binds to DH& 
or deriving free said gene, 

24, The process of claim 23 wherein said compound is 
the compound of claim 1, 

25, The process of claim 23 wherein said compound is 
the compound of claim 4, 

26, The process of claim 23 wherein said modulation 
includes inhibiting transcription of said gene* 

27, The process of claim 23 wherein said modulation 
includes inhibiting replication of said gene. 
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28. A process for treating conditions associated with 
undesired protein production in an organism, comprising 
contacting' said organism with an effective amount of a 
coapotmd according to claim 1 that specifically binds with DMA 
or mh deriving from a gene controlling said protein 
production « 

29. fee process of claim 28 wherein said compound is 
the compound of claim X. 

30. The process of claim as wherein said compound is 
the compound of claim 4« 

31. A process for inducing degradation of BNA or RNA 
in cells of an organism, comprising administering to said 
organism a compound according to claim 1 that specifically 
hinds to said 3DH& or p?A« 

32. A process for killing cells or virus, comprising 
contacting said ceils or virus with a compound according to 
claim 1 that specifically hinds to a portion of the genome of 
said ceils or virus, 

33. A pharmaceutical composition comprising a compound 
according to claim 1 and at least one pharmaceutical^ 
effective, carrier, hinder, thickener, diluent, buffer, 
preservative, or surface active agent. 
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